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LETTER  OF  TRANSMITTAL. 


Department  op  the  Interior, 
United  States  Geological  Survey, 

Division  op  Hydrography, 
Washington^  December  5,  1900, 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
The  Windmill:  Its  Efficiency  and  Economic  Use,  Part  I,  by  Edward 
Charles  Murphy,  formerly  professor  of  civil  engineering  at  the  Uni- 
versity of  Kansas,  and  to  request  that  it  be  published  in  the  series 
of  Water-Supply  and  Irrigation  Papers. 

This  paper,  with  its  complement.  Paper  No.  42,  is  a  revision  of 
Paper  No.  8,  printed  in  1897,  embodying  additional  data  obtained  by 
recent  investigations.  The  demand  for  Paper  No.  8  was  so  great  and 
the  practical  applications  of  windmills  to  the  problem  of  bringing 
water  to  the  surface  have  been  so  extended  that  it  has  seemed  desirable 
to  make  available  the  conclusions  given  in  the  following  pages. 
Very  respectfully, 

F.  11.  Newell, 
Hydrcxjrapher  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey, 
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m  WINDMILL;  IK  EFFICIICY  AND  ECONOMIC  CSE. 


PART  I. 


By  Edward  Charles  Murphy. 


INTRODUCTION. 

History  does  not  record  the  name  of  the  person  who  invented  the 
windmill,  nor  give  the  date  of  the  invention.  The  belief  that  wind- 
mills were  used  by  the  Romans  is  not  well  authenticated,  and  their 
use  by  the  Bohemians  in  718  is  doubted.  It  is  quite  clear,  however, 
that  they  were  used  in  France  and  Italy  in  the  twelfth  century  for 
grinding  com,  and  that  they  were  used  in  Holland  in  the  fifteenth 
century  for  pumping  water  over  the  dikes  into  the  sea. 

Mr.  John  Burnham,  of  Connecticut,  is  said  to  be  the  inventor  of 

the  American  windmill.     Mr.  L.  H.  Wheeler,  an  Indian  missionary, 

• 

patented  the  Eclix>se  mill  in  1867.     The  first  steel  mill  was  the  Aer- 
motor,  invented  by  Mr.  T.  O.  Perry  in  1883. 

The  common  Euroi)ean  windmill,  shown  in  section  in  figs.  1  and  2, 
differs  much  in  appearance  from  the  American  mill.  The  wind  wheel 
of  the  European  mill  has  usually  four  long  wooden  arms,  to  each  of 
which  is  attached  a  sail,  against  which  the  wind  presses.  The  sails 
consist  of  a  framework,  on  which  canvas  is  stretched,  usually  forming 
a  warped  surface,  the  angle  with  the  plane  of  the  arms  (called  the 
angle  of  weather)  being  about  7°  at  the  outer  (»nd  and  18°  at  the  inner 
end.  The  length  of  sail  was  usually  about  five-sixths  the  length  of 
the  arm,  the  width  of  the  outer  end  one-third  the  length,  and  the 
width  of  the  inner  end  one-fifth  the  length.  The  sail  area  is  seen  to 
be  small  compared  with  the  wind  area  or  zone  containing  the  sails. 
The  arms  were  sometimes  60  feet  long.  The  American  wooden  mill  is 
much  smaller  and  more  compact  than  the  European  mill.  It  has  six 
or  eight  arms,  to  which  is  attached  a  framework  carrying  many  small 
sails.  These  sails  are  usually  3  or  4  feet  long,  3  or  4  inches  wide  at 
the  outer  end,  and  1  to  3  inches  wide  at  the  inner  end,  and  are  set  at 
an  angle  of  30**  to  40**  to  the  plane  of  the  wheel.     For  large  wheels 

these  sails  are  arranged  in  two  or  more  concentric  rings.    The  Ameri- 
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CAn  8teel  mill  difTers  principally  from  the  wooden  mill  in  that  it  has 
Ifti^er  and  fewer  sails  for  a  given  size  of  mill,  its  sails  are  curved 
instead  of  plane,  and  it  offers  less  resistance  to  the  passage  of  the  air 
over  the  back  of  the  sails.  In  the  sails  of  the  steel  mill  there  is  seen 
to  be  a  partial  return  to  those  of  the  European  mill. 


rio.  l.-Hoction  <ir  iwnimon  Eiiropmn  iHHt  wlnilmill  mnnntHl 

CLA88IFICATIOX   OF   WIN"I>MILL(S. 

Windmills  may  be  divided  into  two  pcneral  rlaasew — paddle  wheel 
and  sail  wheel.  The  Jiimlx)  showni  in  PI.  XVI,  7^  (Part  II),  and  Little 
Giaut  No.  5ti,  described  on  pages  125  to  liiT,  Part  II,  are  good  illus- 
trations of  the  first  cla^.  In  both  of  thestt  mills  tho  sails  move  with 
the  wind,  and  it  is  necessary  to  have  a  shield,  or  a  method  of  feathering 
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the  sails,  in  order  to  keep  the  wind  from  striking  them  when  they  are 
moving  in  a  direction  opposite  to  that  of  the  wind.  In  the  Jnmbo  the 
axiN  of  the  wlieel  is  horizontal,  in  the  Little  Giant  it  i.s  vertical;  but 
the  win<l  acts  on  the  aails  of  both  in  Hubstantially  the  same  way. 
The  air  avts  with  full  pressure  on  only  one  sail  of  the  Jumbo  at  any 
one  time,  and  on  half  the  sails  it  has  no  lujtion,  or  only  negative 
action. 

In  the  sail-wheel  mill  (fig.  1,  Part  I,  and  PI.  XV,  Part  II)  the  wheel 
moves  at  right  angles  to  the  direction  of  the  wind,  instead  of  in  the 
same  direction,  as  in  the  paddle-wheel  mill.     The  wind  acta  with  a 


Pro.  2.— Early  tni 


certain  pressure  on  all  of  the  sails  all  <if  tli 
velocity  of  the  sail  wlieel  may  be  two  ur  nm 
velocity  of  the  wind  that  drives  it,  Imt  the 
t  he  paddle  wheel  is  always  less  than  the  vohx- 


time.    The  circumference 

re  tiiiii's  greater  than  the 

[■cuiiiferencc  velocity  of 

y  of  thf  wind  thatdrives 


it.     The  sails  of  the  sail-wheel  mill  must  lie  placed  at  an  angle  with 
the  plane  of  the  wheel,  so  that  the  wind  will  press  on  them;  but  the 
sails  of  the  paddle-wheel  mill  may  be  iL  the  plane  of  the  axis  of  the 
wheel. 
For  greatest  pressure  on  the  sails  of  a  sail-wheel  mill  the  axis  of  the 
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wheel  must  be  parallel  to  the  direction  of  the  wind.  It  is  necessary, 
then,  for  the  wheel  to  change  its  direction  as  the  wind  changes.  In 
the  German  or  post  mill  the  whole  building,  as  well  as  the  wheel,  can 
be  turned  around  on  a  post  by  hand.  In  the  tower  or  Dutch  mill  the 
upper  part  only  of  the  mill  turns  with  the  wheel.  This  is  accomplished 
by  hand  in  the  mill  shown  in  fig.  1,  and  by  an  auxiliary  windmill  in 
the  mill  shown  in  fig.  2.  In  the  American  mills  the  upper  part  only 
turns  on  a  turntable,  which  is  usually  on  rollers  or  balls.  This  is 
aceomi)lished,  first,  by  the  pressure  of  the  wind  on  a  long  rudder 
vane  extending  out  behind  the  mill,  and  in  some  mills  by  a  side  vane 
as  well;  or,  second,  by  the  pressure  of  the  wind  on  the  wheel  itself, 
which  is  placed  on  the  opposite  side  of  the  tower,  as  in  fig.  46,  Part 
II;  or,  third,  by  side  wheels,  as  in  mill  No.  52,  fig.  50,  Part  II. 

REGUIiATING  DEVICES. 

The  wind  is  constantly  changing  in  velocity  as  well  as  in  direction, 
and  if  the  load  on  the  mill  is  constant  the  speed  of  the  mill  and  of 
the  machine  which  it  ox)erates  will  change  with  it.  If  the  speed  is  to 
be  kept  nearly  constant,  some  device  is  needed  to  reduce  the  wind 
pressure  on  the  wheel  when  the  wind  velocity  reaches  a  certain 
amount.  In  the  European  mill  there  are  two  methods  of  doing  this, 
viz,  by  means  of  a  brake  or  friction  rings  and  by  changing  the  sail 
area.  The  latter  is  accomplished  by  rolling  or  unrolling  the  canvas 
sails  by  hand  or  automatically.  In  the  American  mill  the  speed  is 
regulated  by  changing  the  sail  area  in  one  of  three  ways:  (a)  By  sec- 
tions of  the  wheel  revolving  about  an  axis  which  places  each  sail  at 
an  angle  to  the  direction  of  the  wind  less  than  90°,  as  in  fig.  36,  Part 
II ;  (J))  by  placing  the  axis  of  the  wind  wheel  eccentric  to  the  axis  of  the 
tower,  so  that  the  wind  pressure  on  the  wheel  will  cause  it  to  revolve 
around  the  axis  of  the  tower;  and  (c)  by  the  wheel  moving  nata- 
rally  around  the  axis  of  the  tower  in  the  direction  in  which  it  is 
revolving.  This  turning  action  around  the  axis  of  the  tower  is  coimtez^ 
acted  by  a  spring  or  a  weight,  or,  as  we  commonly  say,  "the  wh^el  is 
held  in  the  wind  "  by  a  spring  or  a  weight.  A  weight  is  better  thMl 
a  spring,  for  by  moving  it  out  or  in  any  desired  pull  can  be  placed  M 
the  wheel.  A  spring  can  not  easily  be  adjusted  and  may  lose  someoC 
it«  tension.  The  first  method  of  regulation,  called  the  centrifagat 
governor  method,  is  used  in  the  Ilalliday  mill  (fig.  20)  and  in  tlie 
Althouse-Wheeler  mill  (fig.  36,  Part  II).  The  second  method  is  illus* 
trated  in  the  Aermotor  (fig.  33,  Part  II),  which  shows  the  axis  of  the 
wheel  eccentric  to  the  axis  of  the  tower  by  4.5  inches.  It  also  shows 
the  spring  which  holds  it  in  the  wind.  This  spring  also  resists  the 
action  of  the  load,  which  tends  to  turn  the  wind  wheel  out  of  the  wind. 
The  third  method  is  illustrated  bv  the  Woodmanse  mill. 
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xuBPHT.!  EABLT   EXPEBIMENTS. 

EARIiY  EXPEUIMKNTS. 

SmeatofCs  experiments. — The  first  experiinents  of  which  wo  ha 
any  record  were  made  by  John  Smeaton,  an  Knjrlish  (Mijj:iii(H»r,  a 
published  in  1755  to  1763.^  These  experiments  were  made  on  mcH 
windmills  of  the  European  tyx)e,  for  the  purpose  of  deU*nnining  t 
best  shape  of  sail  for  a  given  sail  area.  The  models  ea<3h  had  fo 
arms  21  inches  long.  For  one  set  of  tests  the  sails  were  5. G  inch 
broad  and  18  inches  long,  giving  an  area  of  4()3  square  in(*hes. 
another  set  of  tests  the  sails  were  18  inches  long,  0.(3  inches  wide 
the  inner  end  and  8.4  inches  wide  at  the  outer  end,  with  an  aiva  of  .*i 
square  inches.  The  sails  were  either  plane  or  warped  at  various  angb 
These  mills  were  worked  by  moving  the  windmill  around  in  a  circle 
5^  feet  radius,  in  still  air,  insteaxl  of  placing  them  on  a  tower  and  alio 
ing  the  natural  wind  to  drive  them.  The  wheel  was  moved  around 
this  circle  by  means  of  a  cord  wound  on  a  drum  on  a  vertical  sha 
the  horizontal  arm  which  held  thovheel  In^ng  fastened  to  this  sha 
The  work  done  by  the  wheel  in  a  given  time  was  measured  ])y  ohserv'i 
the  length  of  string  wound  on  the  shaft  of  the  wheel,  a  weight 
known  sisse  being  attached  to  the  en<l  of  the  string.  The  velo<*ity 
the  wind,  which  was  assumed  to  be  the  velo(*ity  of  the  end  of  th(^  ai 
where  the  wheel  was  attached  to  it,  varied  from  4^  to  8|  feet  a  secoii 
or  from  2.9  to  6  miles  an  htmr. 

It  will  be  noticed  that  these  wheels  are  only  8.5  feet  in  diamet< 
that  they  were  moved  in  a  circle  only  5.5  f<H.»t  in  diameter,  and  tli 
wind  velocities  or  wheel  velocities  were  small  and  of  only  a  limit 
range — ^from  about  3  to  6  miles  an  hour.  Smeaton  draws  tlie  folio 
ing  conclusions  from  his  experiments: 

(1)  The  velocity  of  the  windmill  sails,  whether  nuloaded,  or  loaded  so  as  to  ]) 
dnce  a  maximnm,  is  nearly  as  the  velocity  of  the  wind:  their  shape  and  i>osit: 
being  the  same. 

<2)  The  load  at  the  maximum  is  nearly,  bnt  somewhat  less  than  as  the  Hcini 
of  the  velocity  of  the  wind:  the  shape  and  position  of  the  sailK  Ix'ing  the  same. 

(3)  The  effects  of  the  same  sails  at  a  inaxiiuuin  are  nearly  but  somewhat  1 
than  as  the  cnbes  of  the  velocity  of  the  wind. 

(4)  The  load  of  the  same  sails  at  the  maximum  is  nearly  as  their  squan^s  a 
their  effects  as  the  cubes  of  their  number  of  turns  in  a  given  time. 

(5)  When  the  sails  are  loaded  so  as  to  pro<luco  a  maximum  at  a  given  veloo 
of  the  wind,  and  the  velocity  of  the  wind  increases,  the  load  remaining  the  sai 
first,  the  increase  of  effect,  wlien  the  increase  of  the  velocity  of  the  wind  is  smi 
will  be  nearly  as  the  squares  of  those  velocities:  secondly,  when  the  velocity 
the  wind  is  donbled,  the  effects  will  be  nearly  as  10  \a:>  27.5;  but.  thirdly,  when 
▼elocities  compared  are  more  than  double  of  that  where  the  given  load  produ 
a  maximum,  the  effects  increase  nearly  in  a  simple  ratio  of  the  velocity  of  ' 
wind. 

(0)  If  sails  are  of  similar  figure  and  position,  the  number  of  turns  in  a  gii 
time  will  be  reoiproca'ly  as  the  radius  or  length  of  the  sail. 

>  Fllllos.'  Tnuuk  Royal  Soc.  Loudun,  1755-170!^ 
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(7)  The  load  afc  a  mazimnm  that  sails  of  a  similar  figare  and  position  will  over- 
come at  a  given  distance  from  the  centre  of  motion,  will  be  as  the  cabe  of  the 
radios. 

(8)  The  effects  of  sails  of  similar  figure  and  position  are  as  the  sqnare  of  the 
radins. 

(9)  The  velocity  of  the  extremity  of  Dutch  sails,  as  well  as  of  enlarged  sails,  in 
all  their  usual  positions,  when  unloaded,  or  loaded  to  a  maximum,  is  considerably 
quicker  than  the  velocity  of  the  wind. 

Regarding  the  ratio  of  the  sail  area  to  the  wind  area  or  zone  contain- 
ing the  sails,  be  found  that  where  the  ratio  was  greater  than  7  to  8  the 
power  of  the  mill  was  decreased  instead  of  increased.  Regarding  the 
proper  shape  of  sail,  he  found  that  the  warped  sail  was  more  effective 
than  the  plane  sail.  He  also  found  the  following  six  angles  of  weather 
at  equal  distances  from  the  shaft  outward  advantageous:  70°,  71°,  72*^, 
74°,  77.5°,  and  83°.  He  states  that  a  difference  of  two  or  three  degrees 
in  the  angles  of  impact  makes  little  difference  in  the  power  of  the 
mill. 

CoidomVs  experiments, — C.  A.  Coulomb,  a  French  engineer,  made 
some  tests  of  the  work  done  by  a  Dutch  windmill  used  for  extracting 
oil  from  rape  seed  at  Lille,  in  Flanders.  His  observations  were  pub- 
lished in  1821.*  The  mill  was  70.2  feet  in  diameter.  It  had  four 
warped  canvas  sails,  each  28.7  feet  long  and  6.6  feet  wide;  the  width 
of  canvas  was  5.5  feet.  The  angle  which  the  plane  of  sail  made  to 
the  plane,  of  the  wheel  varied  from  30°  at  the  inner  end  to  12°  at  the 
outer  end.  The  wind  velocity  was  measured  by  the  use  of  feathers 
carried  along  by  the  wind.  Two  men  were  stationed  150  feet  apart, 
on  slight  elevations,  to  note  the  time  required  for  each  feather  to  pass 
over  this  distance.  The  velocity  of  the  wind  striking  the  wind  wheel 
was  assumed  to  be  that  found  from  these  feathers.  In  a  14.9-mile 
wind,  and  with  the  load  ordinarily  used,  he  found  that  the  wheel  made 
13  revolutions  per  minute  with  all  the  canvas  spread.  From  these 
data  ho  figured  the  useful  work  done  by  the  mill  jwr  minute  to  be 
232,388  foot-pounds  and  the  useless  work  expended  in  shock  of  stamp- 
ers and  friction  to  be  37,310  foot-pounds,  or  a  total  of  269,698  foot- 
pounds, equal  to  8.17  horsepower. 

Coulomb  did  not  consider  this  a  complete  or  satisfactory  test  of 
this  mill.  He  did  not  control  the  working  of  the  mill,  but  simply 
observed  what  it  did  when  handled  by  the  miller  who  extracted  the 
oil.  He  tried  to  induce  the  owner  to  ponnit  him  to  use  the  mill  for  a 
time  for  experimental  purposes,  but  did  not  succeed. 

It  will  be  seen  from  what  follows  that  even  if  we  assume  the  wind 
velocity  to  be  correctly  measured,  this  test  does  not  necessarily  show 
the  power  of  the  mill,  for  we  do  not  know  that  the  load  used  was  the 
proper  load  for  the  wind  velocity.  It  shows  what  the  mill  was  doing, 
not  what  it  might  do  under  a  bett^^r  loading. 


1  Theorie  de  Macbinea  Simple,  by  C.  A.  Coulomb.    Paris,  18SL 
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Qriffith^ a  experiments.^— In  1891-92  Mr.  J.  A.  Griffiths  made  tests 
of  six  windmilLs  Ufied  for  raising  water,  with  the  following  results: 
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No.  1  was  a  22.5-foot  wooden  mill,  with  20  warped  saila  eadi  87  by 
36  by  9  inches,  the  weather  angle  at  the  outer  end  heing  IS°  47'  and 
at  the  inner  end  40°  20'.  It  worked  a  direi't-aeting  .single- stroke  pump 
having  a  5-ineh  cylinder  and  6.75  inches  Mtroke.  Two  lifts  were  used, 
one  of  25  feet  and  the  other  of  100  feet. 

No,  2  was  a  12-foot  Stover  wooden  mill,  having  a  wind  wheel  some- 
what like  that  of  mill  No.  38.  It  had  112  sails,  eadi  4;{  by  ;1.75  l)y  1.5 
inches,  set  at  an  angle  of  43°  to  the  plane  of  the  wheel.  It  worked  a 
direct-acting  single-stroke  pump  having  a  3-inch  cylinder  and  4  inehe.s 
stroke.     The  lifts  were  29.2  and  61.2  feet. 

No.  3  was  a  16-foot  Perkins  solid  wood  wheel,  the  wind  wheel  hav- 
ing 160  sails,  each  60  by  4  by  1.5  inches,  set  at  an  angle  of  30°  to  the 
plane  of  the  wheel.  It  worked  a  din'ct  acting  double- stroke  pump 
having  a  3-ineh  cylinder  and  5.375  inches  stroke.  The  lift  was  3!) 
feet. 

No-  4  was  a  14-foot  Althouse-Wheeler  woodi'U  sectional  mill,  the 
wind  wheel  having  104  sails,  each  4S  by  4  by  I.Ti  inches,  set  at  an  angle 
of  30°  to  the  plane  of  the  wheel.  Itworkid  a  direct-acting  double- 
stroke  pump  having  a  3-ineh  cylinder  ainl  .i  inches  stroke.  The  lift 
was  66.3  feet. 

No.  5  was  a  10-foot  Althouse- Wheeler  wooden  sectional  mill.  The 
wind  wheel  had  84  sails,  each  3K  by  3,7;)  by  1.5  inchrs,  set  at  an  angle 
of  28°  to  the  plane  of  the  wheel.  It  worked  a  dii-cct -acting  single- 
stroke  pump  having  a  3-inch  cylinder  and  4,625  inches  stroke.  The 
lift  was  38.7  feet. 

No.  6  was  a  lO-foot  Carlyle  iron  mill.  It  had  7  somewhat  spoon- 
shaped  sails,  each  having  a  spont-like  extension  through  which  the 

er,  by  J.  A-  QrUBtlw:  Proc.Iiut.  Civ.  Eng.,  VoL  CXIX,  p.  3al. 
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air  flowed.     It  worked  a  direct-acting  single-stroke  pump  having  a 
3-inch  cylinder  and  4  inches  stroke.     The  lift  was  30.7  feet. 

The  wind  velocity  was  measured  with  the  "f "  wind  gage,  which 
was  either  on  a  tower  near  by  or  on  an  arm  projecting  as  far  as  pos- 
sible to  windward.  It  appears  that  it  was  necessary  to  be  near  the 
gage  in  order  to  read  the  velocity,  which  would  indicate  a  i)08sible 
error  m  wind  velocity  and  some  interference  with  the  wind  striking 
the  wind  wheel.  The  range  of  wind  velocities  is  not  stated,  and  not 
more  than  two  loads  were  used  in  any  cast?. 

These  results  will  be  compared  with  others  further  on. 

King's  experiments,^ — Prof.  F.  H.  King  conducted  a  series  of  experi- 
ments with  a  IG-foot  geared  Aermotor,  covering  a  period  of  one  year— 
from  March  0,  1897,  to  March  6,  1898.  This  mill  was  used  to  work 
one  or  more  of  four  pumps:  (1)  A  reciprocating  piston  pump  with  a 
14-inch  cylinder  and  9  inches  stroke;  (2)  a  bucket  pump  having  a 
normal  capacity  of  120  gallons  per  minute;  (3)  a  No.  2  Grould  centrif- 
ugal pump;  and  (4)  the  smallest  size  Menge  pattern  centrifugal  pump. 
The  bucket  pump  was  used  nearly  all  of  the  time.  The  reciprocating 
piston  pump  was  used  occasionally  by  itself  and  part  of  the  time  with 
the  bucket  pump,  when  the  wind  velocity  was  strong  enough  to  carry 
both.  The  Menge  was  used  occasionally  with  the  piston  pump  and  the 
bucket  pump,  when  the  wind  velocity  was  strong  enough  to  carry  all. 

There  was  no  automatic  device  for  throwing  into  or  out  of  use  any 
of  these  pumps.  It  was  necessary  to  do  this  by  hand,  so  that  a  part 
of  the  time  the  load  on  the  mill  was  not  suited  to  the  wind  velocity. 
This  can  be  seen  from  the  record.  For  example,  on  February  10,  from 
1  to  7  p.  m.,  the  wind  velocity  varied  from  9  to  12  miles  an  hour  and 
8.6  tankfuls  of  water  were  pumi)ed,  while  on  June  1,  from  8  a.  m.  to 
4  p.  m.,  the  wind  velocity  varied  from  11  to  15  miles  an  hour,  and  not 
a  tankful  was  pumped.  The  report  gives  the  number  of  tankfuls  of 
141.2  cubic  feet  which  were  lifted  12.85  feet  each  hour  during  the  year, 
and  some  interesting  eonelusioIl^s  drawn  from  these  records. 

Professor  King  has  also  made  some  tests  of  this  mill  with  a  Prony 
friction  brake.  The  results  of  these  tests,  and  the  indicated  horse- 
powers computed  from  them,  are  as  follows: 

1  Bull.  No.6{5,  Wiscoubiu  Agricultural  Experimeut  Station. 
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Be8ult8  of  teats  of  IG-foot  geared  Aermotor, 


Wind 

velocity 

per 

hour. 


Miles. 
8.4 
12.0 
12.4 
12.6 
13.2 
14.6 
14.6 
14.8 
18.6 
18.8 
21.2 
21.6 
21.6 
21.8 
22.0 
22.0 
22.2 
23.0 
23.0 
24.0 
24.6 
25.2 
27.8 
27.0 
89.0 
40.0 


Direction 
of  wind. 


sw. 


sw. 
sw. 


sw. 

NW. 
SW. 

sw. 
w. 

N. 
NW. 

w. 
w. 

NW. 

w. 
w. 


w. 
w. 

N. 

w. 

N. 


Indicated 
horse- 
power. 


0.2715 

0. 5791 

0. 7230 

0.4553 

0. 6218 

0.7843 

0. 9449 

0. 9016 

2.054 

1.692 

2.593 

3.715 

3.227 

2.597 

4.326 

4.236 

2.  394 

3.842 

4.  151 

5.983 

3.554 

4. 882 

4.092 

4.  850 

5.953 

5.971 


Average 

wind 
velocity. 


Miles. 

8.4 

12.33 
13.2 
\    14.68 

18.70 
.21.55 

22.06 

23.00 

24.30 

25.2 

27.16 

30.0 
40.0 


Average 
borse- 
XK)wer. 


0.2715 
0.5858 
0.6213 
0.8602 

1.873 
3. 033 

3. 652 

3.996 

4.768 

4.882 

4.471 

5. 95;^ 
5.971 


Barometer. 


Inches. 
29.40 
29.36 
29.36 
29.36 
29.40 
29.36 
29.40 
29.40 
28.86 
29.40 
29.40 
29.06 
28.86 


Temi)era- 
ture. 


Degrees. 
0.0 
0.5 
0.5 
0.25 
0.5 

-0.5 
0.5 
1.0 
9.0 
1,0 
1.5 

-2.0 
7.0 


29.  m 
29.04 


/  29. 07 
I  29.05 
28.75 
29.09 
29.09 
28.  GO 
29.10 
28.  «9 
28.69 


1.0 
-2.0 


-1.0 
-1.0 
6.8 
1.5 
1.5 
6.3 
1.5 
0.5 
6.3 


This  mill  is  similar  to  our  16-foot  Aermotor  No.  44,  descril)ecl  in  Part 
II.  It  will  be  seen  later  that  the  power  found  by  Profi^ssor  Kinj^  is  much 
^eaterthan  we  have  found  it  for  high  wind  velocities.  The  probable 
reason  for  this  difference  will  ha  discussed  later.  It  may  be  stated  here, 
however,  that  Professor  King  measured  tlie  wind  velocity  with  an 
anemometer  in  a  fixed  position  40  f(»et  due  east  of  the  windmill,  and 
it  will  be  seen  that  the  wind  was  from  the  west,  northwest,  or  south- 
west nearly  all  of  the  time  when  the  brake  tests  were  being  made. 
(The  wind  came  from  the  north  around  by  the  east  to  the  south  only 
three  times  while  the  brake  tt^sts  wen'  in  progn'ss. )  The  revolving 
wheel  must  have  interfered  with  the  running  of  the  anemometer  and 
caused  it  to  show  a  less  wind  velocity  than  really  existed. 

Professor  King  also  determined  the  work  done  by  the  mill  in  grind- 
ing com.  The  power  of  the  mill  in  a  given  wind  v<'locity  can  not, 
however,  be  judged  from  these  tests,  since  the  grinder  load  was 
probably  not  suited  to  all  wind  velocities. 
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Wjui  T'ttr-ra'ty  j*r  hrjnr 

"T^sr* 

^waltitk      

4.31 
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Perry- H  ejrfferiments. — From  Jane.  IS-Sf,  to  September,  l?sS>,  Mr. 
T.  ^},  Perry  made  experiments  with  •Jl  windmills,  each  5  feet  in 
diameter.  TTie  results  were  published  in  l>y.».^  Mr.  Perry's  methods 
were  i^imilar  to  thfjse  employed  by  Smeaton — he  used  small  wheels 
tnovHl  again.st  still  air  in  a  circle  of  14  feet  radius.  His  experiments 
were  ma^le  on  a  much  larger  scale  than  Smeaton's,  however,  and  his 
Hpfmratus  was  more  ijerfect.  Smeaton  used  wheels  of  European  tj'pe; 
Mr  Peny  usfil  those  of  American  t>i>e.  PL  II  is  an  elevation  of  Mr. 
Peny's  ap[>aratu.s.  showing  the  wheel  as  it  revolveil  about  the  vertical 
shaft,  driven  by  an  ?5<>horseprjwer  engine.  The  power  was  measured 
by  means  of  a  Prony  friction  brake  placed  on  a  brass  cylinder  on  the 
wind-wheel  shaft.  In  order  to  eliminate  the  efftn^'t  due  to  differences 
in  the  c^mdition  of  the  air,  and  get  results  comjiarable  with  one 
another,  Mr.  Perry  used  one  of  his  wheels  as  a  standard  with  which 
to  compare*  the  others.  After  the  best  load  for  a  wheel  had  been 
obtained,  comparative  tests  were  made  with  this  one  and  with  the 
standard  wheel,  by  trying  first  one  wheel  and  then  the  other  until 
Wfveral  measurements  of  each  had  been  taken.  The  final  result  of 
each  wheel  was  the  average  of  eight  or  ten  measuivments. 

In  comparing  Smeaton's  results  with  his  own,  Mr.  Perry  ^%'rites: 

We  were  not  able  to  o>itain  the  best  results  with  weather  anules  as  small  as 
HmfTAUm'n  in  any  of  our  wheels.  Nor  did  our  sail  speeils,  as  compared  with  wind 
relrjcity,  nearly  approjich  the  sjx^eds  obtaine<l  by  Smeaton.  Even  our  unloaded 
whfrelfi  did  nrit  show  the  sail  speed  attained  by  the  best  of  Smeaton's  when  loaded 
for  inaxiiiinm  work.  *  •  ♦  Qnr  loads  at  the  maximum  of  work  were  sma  ler 
aA  (;onipare<l  with  the  greatest  loads,  and  the  spee<l  of  revolutions  at  maximum 
work  as  compared  with  the  speeds  of  unloaded  wheels,  were  smaller  for  our  mills 
than  for  Smeaton 's. 

lie  stales,  liowever,  that  the  gcn(*ral  conclusions  drawn  l)y  Smeaton 
(sec  |)Hges  15  lo  If))  were  substantially  confirmed  by  his  oxperimenis. 
The  (lifTer(»nee  between  his  results  and  Smeaton's  he  attril)ntes  to  the 
difTi^n^nees  in  the  mills  used. 


*  WttU-r-Hupply  and  Irrigation  Paper  U.  S.  (ieol.  .Survey  l\o.  A). 
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Some  of  Mr.  Perry's  conclusions  are  as  follows: 

( 1 )  Tliere  is  nothing  gained  by  having  the  sail  area  more  than  seven- 
eighths  of  the  wind  area,  and  there  is  little  gained  by  having  it  more 
than  three-fourths  of  the  latter  area. 

(2)  That  the  power  varies  as  the  cube  of  the  wind  velocitj-. 

(3)  That  the  load  for  maximum  power  varies  as  the  s(iuare  of  the 
wind  velocity. 

(4)  That  the  si>eed  of  the  unloaded  wheel  increases  somewhat  faster 
than  the  wind  velocity. 

(5)  That  the  best  speed  for  most  of  his  wheels  was  about  0.55  per 
cent  of  the  unloaded  speed. 

(6)  That  the  conical  deflector  at  the  center  of  the  wheel  does  not 
increase  tlie  power. 

(7)  That  obstructions  on  the  back  of  sails  greatly  reduce  the  power 
of  the  mill. 

(8)  That  the  speed  of  wheel  No.  48  was  incjreased  48  ])er  cent  by 
removing  the  strip  from  the  back  of  each  sail. 

(0)  That  a  deflector  in  front  of  the  wheel  increased  the  s^K^ed  of  a 
slow-moving  wheel. 

( 10)  That  a  deflector  in  front  of  the  wheel  did  not  increase  the  speed 
of  a  rapidly  moving  wheel. 

(11)  That  a  mast  offers  more  obstruction  in  front  of  a  wheel  than 
behind  it. 

EXPERIMEN18  BY  WlilTKU. 

The  tests  of  windwills  described  in  the  following  pages  were  ])egun 
by  the  writer  in  the  summer  of  1805.  They  wen^  continued  during 
the  summer  of  1806,  with  much  better  facilities  than  during  the  pre- 
vious season.  The  results  obtained  to  that  time*  w(m-(*  publisluHl  in 
Water-Supply  and  Irrigation  Paper  No.  8,  entitled  Windmills  for 
Irrigation.  Since  then  the  work  has  lu^en  continucnl  as  time  could 
be  spared — mainly  during  a  portion  of  three  summer  vacations. 
The  work  of  the  summer  of  Isim;  was  coiifine^l  mainly  to  pump- 
ing mills.  The  tests  show  what  each  windmill  and  its  pump  were 
actually  doing  under  certain  conditions  of  load,  lift,  <'tc.  They  do 
not  show  what  the  mill  might  do  under  other  conditions.  It  was  evi- 
dent that  the  useful  work  of  a  mill  varied  with  its  load  and  the 
efliciency  of  the  pump.  The  latter  eouhl  not  well  be  aseertained.  It 
was,  therefore,  thought  b<»st  to  confine  th(»  t(»sts  i)rincipally  to 
power  mills,  in  which  the  unknown  factor  of  pump  (»t!iciency  is  not 
present,  and  where  the  load  on  the  mill  can  easily  be  varied.  This 
has  enlarged  the  scope  of  the  work,  making  it  cover  windmills  for 
power  as  well  as  those  for  irrigation. 

Many  of  our  t^sts  of  pumjung  mills  were  made  in  the  vicinity  of 
Garden,  Kansas.  Perhaps  nowhere  in  the  TTnite<l  States  is  irrigation 
from  wells  by  the  use  of  windmills  carried  to  the  same  extent  as  there, 
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where  may  be  found  hundreds  of  windmill  pumping  plants  furnishing 
water  to  irrigate  from  1  to  15  acres  each  and  lifting  from  3  to  14.5 
quarts  per  stroke  to  a  height  of  fi-om  10  to  45  feet,  as  well  as  large 
steel  mills  running  day  and  night,  when  the  wind  is  strong  enough, 
and  working  pumi>s  of  the  best  kind. 

SCOPE  OF  TESTS. 

There  are  many  makers  of  American  windmills,  and  with  the  great 
variet}^  of  mills  in  use — no  two  are  alike,  though  in  some  cases  the 
difference  is  slight — it  was  impossible  to  test  a  mill  of  each  type.  It 
was  our  purpose  to  test  only  the  mills  that  were  in  good  working  order 
and  subject  to  good  wind  expasure,  and  which  would  add  new  data  to 
that  already  obtained  or  confirm  in  some  particular  that  previously 
secured.  In  some  cases  two  or  more  mills  of  the  same  size  and  make 
were  tested  to  show  as  far  as  possible  the  effect  of  pump,  well,  etc. 
on  the  useful  work.  The  parts  of  mill  and  pump  on  which  the  power 
depends  were  carefully  measured.  The  t-emperature  and  barometric 
pressure  were  observed  in  each  case  and  the  mean  given.  The  dis- 
charge of  pump  per  stroke  was  measured  wlien  possible,  and  the 
diameter  of  cylinder  and  length  of  stroke  are  given,  so  that  the  dis- 
charge can  be  compared  with  the  figured  displacement.  The  lift  Was 
measured  whenever  the  surface  of  the  water  in  the  well  could  be 
reached  with  a  tapeline.  The  number  of  strokes  of  the  pump  per 
mile  of  wind  was  found  for  velocities  from  6  or  8  miles  to  20  or  30 
miles  an  hour.  In  some  cases  the  number  of  strokes  is  given  when 
no  wat^r  was  being  pumped.  In  fact,  there  was  collected  for  each 
mill  as  much  data  as  it  was  conveniently  possible  to  obtain  which 
would  in  any  way  affe(?t  the  power  of  the  mill  or  be  of  interest. 

PUMPING  MILLS. 

The  essential  difference  belween  pumping  and  power  mills  is  that 
in  the  former  there  is  a  pump  rod  with  an  up  and  down  motion,  while 
in  the  latter  there  is  a  vertical  rotating  shaft.  The  former  is  usually 
geared  back  2  or  3  to  1,  while  tlie  latter  is  generally  geared  forward 
6  or  8  to  1.  The  ordinary  pumping  mill,  such  as  is  used  for  stock 
purposes,  is  light^^r  than  the  power  mill,  but  the  irrigating  mill  is  of 
nearly  the  same  weight  as  the  power  mill.  The  larger  power  mills 
have  a  pumping  attachment,  so  as  to  work  a  pump  as  well  as  a 
grinder  or  other  machine. 

WELLS   NEAR  GARDEN,    KANSAS. 

A  brief  description  of  the  water  supply  and  wells  of  this  locality 
may  l)e  helpful  in  considering  what  follows. 

The  water  is  found  in  sand  and  gi'avel  at  distances  below  the  sur- 
face varying  from  8  to  40  feet.  This  material  is  in  layers  of  variable 
thickness  and  different  degrees  of  coai-seuess,  ranging  from  fine  sand 
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to  large  gravel.  It  is  overlain  by  a  layer  of  sandy  clay,  which  in 
some  places  will  for  years  stand  vertical  without  any  support;  in 
other  places  there  is  very  little  clay  in  this  layer.  The  wells  are 
usnally  3  to  4  feet  square,  and  are  cased  with  wood  throujrh  the  top 
sandy  clay  to  the  water-bearing  sand ;  then  a  wood  or  jralvanized-iron 
casing  from  12  inches  to  3  feet  in  diameter  extends  down  from  8  to  20 
feet  into  the  sand  to  a  layer  of  gravel.  Where  this  latt<*r  casing  is 
large,  three  or  more  galvanized-iron  pipes  6  to  12  inches  in  dianu^ter 
are  put  down  in  the  bottom  of  it,  and  these  sometimes  have  wire 
gauze  over  their  tops  to  keep  down  the  sand ;  they  also  have  perfora- 
tions about  one-fourth  of  an  inch  in  diameter  for  a  distance  of  2  feet 
or  more  from  the  bottom  to  admit  the  water.  In  many  cas<»s,  instead 
of  this  small  open  well,  the  supply  pipe  is  on  a  well  point  having  the 
same  diameter  as  the  supply  pipe,  its  lenfzth  varying  with  the  diame- 
ter. These  well  points  have  not  given  satisfaction  and  are  Iwing 
replaced  by  open  wells. 

On  examining  well  points  that  have  l)e(»n  nsinl  for  a  time  it  was 
found  that  many  of  the  little  openings  through  whieh  water  is  admitted 
to  the  pump  had  become  filled  with  tine  grains  of  sand,  thus  reducing 
the  area.  Although  this  water  area  was  of  th<»  projxM*  amount  whcMi 
the  well  was  new,  it  becomes  too  small  after  the  w(*ll  has  been  used 
for  a  time  or  after  it  has  stood  without  teing  used.  If  this  area  is  too 
small  to  allow  the  free  passage  of  water  into  the  pump,  an  added 
lomi  is  put  on  the  latter. 

PUMPS. 

Nearly  all  of  the  pumps  in  use  in  the  vicinity  of  (harden  an*  of  the 
reciprocating-piston  tyi)e.  Fig.  S  shows  the  Stone  pump,  inanufae- 
tured  by  R.  G.  Stone,  of  (Tardeii.  This  pump  is  made  in  three  sizes — 
6  inch,  8  inch,  and^  10  in(*h,  these  dimensions  being  the  approximate 
diameter  of  the  discharge  piin*.  'I'he  dianit^ter  of  the  cylinder  is  less 
than  the  diameter  of  the  pipe  hv  twice  the  thickness  of  the  hrass  lin- 
ing. The  valves  (shown  in  fig.  1»)  are  of  the  latest  pattern.  'I'he 
plunger  valve  is  of  the  single-tlap  or  clack  variety  and  the  cluM'k 
valve  is  of  the  disc  variety,  made  so  that  the  watei*  <*an  pass  up  the 
center  as  well  as  around  the  si<l(*s.  In  an  earliei-  form  of  this  ])nnip 
the  plunger  valve  is  of  the  <loul)l(*-flap  or  huttcrtly  type  and  the  cheek 
valve  of  the  lift  typ<»,  but  with  no  opening  at  the  center.  Probably' 
nine-tenths  of  the  pumi)s  in  ns<*  near  (rarden  ar<'  of  the  Stone  varic^ty. 

Fig.  3  shows  the  (iause  pump,  on<'  of  the  first  pumps  uscmI  theni  for 
irrigating  purposes.  It  is  mon*  (expensive  than  the  Stone  pump,  and  is 
not  now  so  much  used.  Fig.  KJ  shows  the  cylinder  of  an  S-in(»h  Frizell 
pump,  a  few  of  which  an*  in  use.  Fig.  T)  is  a  sectional  view  of  the 
Woodmanse  pump,  which  is  used  with  mill  No.  2.  PI.  X,  />,  shows 
a  crude  homemade  pump  called  the  ''water  el(»vator."  One  of  these 
is  in  use  in  Garden. 

The  eflftcieney  of  reciprocating  pumps  like  those  descril)ed  varies 
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directly  \iith  the  lift,  inversely  with  the  number  of  strokes  per  minnte, 
and  with  the  design  of  the  pump.     For  lifts  of  10  or  more  feet  and  not 
more  than  30  strokes  i)er  minute  the  efficiency  in  a  good  pump  should 
be  at  least  70  per  cent. 
Prof.  O.  P.  Hood  *  has  measured  the  efficiency  of  two  Frizell  pumps — 

one  6  inch,  with  14.1  inches  stroke,  like  that 
shown  in  fig.  16,  and  one  4  inch,  with  24  inches 
stroke,  having  a  butterfly  discharge  valve.  He 
found  that  for  a  7.7-foot  lift  the  efficiency  of 
the  6-inch  pump  dropped  from  75  per  cent  to  63 
per  cent  as  the  number  of  strokes  increased 
from  10  to  60  per  minute;  that  for  a  22.7-foot  lift 
it  decreased  from  86  per  cent  to  82  per  cent  for 
the  same  range  of  speed;  and  that  for  a  37.8-foot 
lift  it  decreased  from  84  per  cent  to  82  per  cent, 
while  the  number  of  strokes  increased  from  10 
to  50  per  minute.  The  efficiency  of  the  4-inch 
pump  dropped  from  66  per  cent  to  60  per  cent 
for  a  12.8-foot  lift,  and  from  83  per  cent  to  73 
per  cent  for  a  37.6-foot  lift,  as  the  number  of 
strokes  increased  from  10  to  50  per  minute. 

The  valve  area  should  be  not  less  than  30  per 
cent  of  the  cylinder  area.  The  cylinder  should 
be  placed  as  near  the  water  as  possible;  if  it  is 
more  than  25  feet  above  the  water,  and  the 
number  of  strokes  is  30  or  more,  the  cylinder 
will  not  fill  properly,  and  pounding  will  result. 

INSTRUMENTS  AND  METHODS. 

The  wind  velocity  was  measured  with  a  United 

States  Weather  Bureau  cup  anemometer,  each 

mile  of  wind  being  recorded  electrically  by  one 

pen  of  a  2-pen  register.     By  means  of  a  little 

device  fastened  to  the  pump  an  electric  circuit 

is  closed  at  each  stroke  of  the  pump  and  a  record 

Pig.  3.-Gau8o  pump,    .v,    made  by  a  recorder.     Another  electric  circuit, 

char^'^i^f^rpinn^r!    l^^^ing  from  the  recorder  to  the  other  pen  of 

T,  cylinder;  z,  eniarjfed    the  register,  is  closcd  at  cacli  hundred  strokes 

;::!;:;Tstf.orpU'."'    «f  t^e  pump  and  a  record  uiade  on  the  register. 

Hence  the  graphic  record  of  the  register  shows 
thc^  number  of  miles  of  wind  in  any  given  time,  also  the  number  of 
hundred  strokes  of  the  pump  in  the  same  time.  The  anemometer 
was  held  on  a  pole  at  the  height  of  the  axis  of  the  wheel  of  the  wind- 
mill. The  pole  was  made  so  that  its  length  could  be  increased  at 
will  from  25  to  50  feet.  The  anemometer  on  the  pole  is  shown  in  Pis. 
Ill  and  XI. 
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The  discharge  of  the  pump  per  stroke  was  ascertained  by  c^tc^hing 
the  water  for  several  strokes  in  a  tub  and  measuring  it  with  a  (juart 
measure.  In  a  few  cases  it  was  found  to  vary  with  the  number  of 
strokes  per  minute.  Where  it  varied  the  discharge  given  Ls  for  a 
nearly  maximum  speed  of  pump. 

The  lift,  or  distance  from  the  surface  of  the  water  in  the  well 
to  the  center  of  the  water  column  as  it  leaves  the  discharge  pipe, 
was  measured  when  the  pump  was  working  quite  rapidly.  For 
pumps  on  well  points  it  was  estimated  from  the  depth  to  water  when 
the  point  was  put  down,  making  an  allowance  for  the  lowering  of 
the  water. 

£aeh  mill  tested  is  described  and  the  results  of  the  tests  given  in 
tabular  form.     Nearly  all  of  the  mills  are  illustrated. 

The  number  of  strokes  of  the  pumps  ]>er  mile  of  wind  and  the  hors(^- 
powers  of  the  mills  are  in  most  cases  explained  bj'  diagrams,  which 
show  at  a  glance  the  facts  which  otherwise 'can  be  comprehended  only 
by  a  careful  analysis  of  the  tables.  In  these  diagrams  (figs.  6, 10,  11, 
12,  13,  15,  17,  18,  19,  and  21)  the  relation  between  the  wind  move- 
ment, in  miles  per  hour,  and  the  number  of  strokes  made  by  the 
pump  while  the  wind  was  moving  over  1  mile  is  shown  by  the  curved 
line.  The  space  from  left  to  right  is  proportional  to  the  number 
of  strokes  of  the  pump.  The  data  expressed  by  these  diagrams 
were  obtained  directly  from  the  record  given  by  the  anemometer 
register. 

In  explanation  we  will  assume  that  the  pen  connected  with  the 
anemometer  makes  three  short  marks  (3  miles)  in  fifteen  minutes, 
indicating  a  mile  in  five  minutes,  or  at  the  rate  of  12  miles  an  hour. 
At  the  same  time  the  other  pen  connected  with  the  pump,  and  regis- 
tering each  100  strokes,  makes,  say,  two  short  marks,  showing  that 
the  pump  has  made  200  strokes  for  this  3  miles  of  wind  niov^ement, 
or  67  strokes  to  the  mile.  This  fact  is  entered  on  the  diagram  by 
a  small  circle  placed  at  a  distance  from  the  right  which  corre- 
sponds to  a  wind  velocity  of  12  miles  an  lionr,  and  at  a  distance  from 
the  bottom  which  corresponds  to  t>7  stro-kes  of  the  pump.  In  this  way 
each  observation  is  indicated.  When  the  points  have  been  plotted, 
the  smooth  curve  is  sketched  so  as  to  ()(*cupy  an  intermediate  position 
among  them. 

In  order  to  obtain  the  number  of  strokes  mon*  accurately  than  by 
measurement  on  the  register  sheet,  they  were  actually  counted  for 
a  considerable  number  pf  observations  in  each  test.  The  number  of 
strokes  per  minute  is  obtained  by  dividing  the  number  of  strokes  per 
mile  of  wind  by  the  number  of  minutes  required  to  make  the  mile. 
For  example:  If  the  number  of  strokes  per  mile  in  a  12-mile  wind 
(which  requires  60  -=-  12,  or  five  minutes  to  make  a  mile)  is  00,  then 
90  -r-  5=18,  the  number  of  strokes  per  minute.  The  numb^T  ot  ^?^V 
lons  raised  per  minute  is  found  by  multiplying  the  number  ol  ^aWoxis* 
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and  dividing  the  prodact  by  33,000  (the  nuinl>er  of  foot-poiinds  in  a 
horsepower),  or  by  the  following  fornmlA; 

Horsepower  =  7M(ff  A -}- 33,000,  where  H!=miml)t'r  of  slmkfM  i>er 
minute,  g  =  the  weight  of 
one  gallon  of  water,  q  =  the 
number  of  gallons  per  stroke 
of  pamp,  Ti  =  the  lift,  in  feet. 
The  pump  load  is  the  weight 
of  water  lifted  per  stroke 
maltiplied  by  the  lift,  or 
height  to  which  it  is  raised. 
The  number  of  revolutions 
of  the  wind  wheel  per  minute 
is  found  by  multiplying  the 
nnmber  of  strokes  per  min- 
nte  by  the  number  of  revolu- 
tions per  stroke. 

PUMPINO   HILLS   TESTED. 

Mill  No.  /.—The  tests  of 
this  mill  were  preliminary 
or  experimental,  being  made 
for  the  purpose  of  perfecting 
the  instruments  employed, 
and  were  not  completed  for 
dis<;ussion. 

MiU  No.  2. —This  is  a 
13-foot  ^Voodmanse  Mogul, 
maniifHctured  by  the  Wood- 
manse-Hewitt  Manufa,etur- 
ing  Company,  of  Freeport, 
Illinois.  PI.  Ill  shows  the 
mill,  tower,  pump,  aud  pond, 
and  fig.  4  the  working  part«. 
The  tower  is  of  steel,  50  feet 
high  to  the  axis  of  the  wheel. 
The  wind  exposure  on  the 
north  is  not  good,  the  mill 
being  115  feet  south  of  a 
large  bam.  The  wheel  has 
;10  curved  sails,  each  36  by  13 
by  a.o  inches,'  set  at  an  angl« 
of  30°  (angle  of  weather)  with 
the  plane  of  the  wheel.  It  is 
baek-geared,  3  to  1,  and  held 


in  the  wind  by  a  spring.     Tlip  pu 
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aL^o  is  of  Wood  manse  make,  and  is  shown,  in  section,  in  fig.  5,  The 
cylinder  is  9.5  inches  in  diameter,  the  supply  pipe  5.625  inches  in 
diameter,  the  length  of  stroke  12  inches.  The  well  is  3J  feet  by 
3J  feet  to  the  water,  a  distance  of  14  feet.  At  that  point'  a  12-inch 
galvanized-iron  pipe  is  put  down  20  feet,  forming  a  small  open  well 
The  lift  at  the  time  of  test  was  17J  feet  and  the  discharge  per  stroke 
14|  quarts.  The  mean  barometric  pressure  was  26.98  inches,  and  the 
mean  temperature  94°  F.  The  cost  of  mill,  tower,  pump,  and  well 
was  about  $210.     The  results  of  the  tests  are  as  follows: 


Results  of  tests  of  mill  No.  2 — 12-foot  Woodrnanse  Mogul, 
[Load  per  stroke,  596.3  f oot-ix>undM.  ] 

Wind  velocity  per  hour. 

Revolutions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minute. 

Gallons 

pumped  per 

minute. 

1         1 

Useful       i 
horsepower. 

12  miles 

16 miles.. 

20  miles  

25  miles 

15.6 
48.0 
60.9 
69.9 
75.9 

5.2 
16.0 
20.3 
23.3 
25.3 

18.8 
58.0 
73.6 
84.5 
91.7 

0.085 
0.260 
0.  3t>2 
0. 379 

30  miles 

0.411             1 

The  curve  shown  in  fig.  6  is  for  a  moderately  loaded  12-foot  mill 
(536.2  foot-pounds  per  stroke).     It  starts  at  a  wind  velocity  of  11 
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also  is  of  Woo<imanse  make,  and  is  shown,  in  section,  in  fig.  5.  The 
cylinder  is  9.5  inches  in  diameter,  the  supply  pipe  5.625  inches  in 
diameter,  the  length  of  stroke  12  inches.  The  well  is  df  feet  by 
3f  feet  to  the  water,  a  distance  of  14  feet.  At  that  point*  a  12-inch 
galvanized-iron  pipe  is  put  down  20  feet,  forming  a  small  open  well. 
The  lift  at  the  time  of  test  was  17{  feet  and  the  discharge  per  stroke 
14|  quarts.  The  mean  barometric  pressure  was  26.98  inches,  and  the 
mean  temperature  94°  F.  The  cost  of  mill,  tower,  pump,  and  well 
was  about  $210.     The  results  of  the  tests  are  as  follows: 

Renults  of  teats  of  mill  No,  2 — 12-foot  Woodinanse  Mogul, 
[Load  per  stroke,  636.2  foot-pounds.] 


Wind  vehxrfty  per  hour. 


I   Revolutions 
of  wind  wheel 
per  minute. 


12  miles 
16  miles 
20  miles 
25  miles 
30  miles 


15.6 
48.0 
60.9 
69.9 
75.9 


Strokes  of    I       Gallons 
pump  per       pumped  per 
minute.       '       minute. 


Useful 
horsepower,  i 


5.2 
16.0 
20.3 
23.3 
25.3 


r 


18.8 
58.0 
73.6 
84.5 
91.7 


0.085 
0.26U 
0. 322 
0.379 
0. 41 1 


The  curve  Hhown  in  fig.  6  is  for  a  moderately  loaded  12-fool  mill 
(536.2  foot-pounds  per  stroke).     It  starts  at  a  wind  velocity  of  II 
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miles  an  hour.  It  ascends  very  rapidly,  reaching  a  maximam  at  18 
miles  an  hour,  and  giving  60  strokeB  to  the  mile.  The  rest  of  the 
curve  to  30  miles  has  a  gentle  slope.  The  number  of  strokes  per 
minute  increases  from  about  5  at  12  miles  to  about  25  at  30  miles  an 
hour,  and  will  continue 
to  increase  to  probably 
•2S  a  minute  in  a  40-mile 
wind. 

MM  No.  5.— This  is  a 
12-foot  Aermotor  manu- 
f  actored  by  the  Aermotor 
Company,  of  Chicago, 
Illinois.  PI.  IV  shows 
the  mill  with  its  tower, 
pump,  and  pond,  and  fig. 
7  shows  its  working 
parts.  This  mill  had  been 
in  use  abont  one  year  at 
the  time  of  test,  and  all 
of  the  parts  were  in  good 
working  order.  The 
tower  is  of  wood,  the  axis 
of  the  wheel  being  30  feet 
above  the  ground.  The 
exposure  is  veiy  good. 
The  wheel  has  18  curved 
sails,  eat'h  «  by  18J  by  7} 
inches,  set  at  an  angle  of 
31°  to  the  plane  of  the 
wheel.  It  is  back-geared, 
3i  to  1,  and  is  held  in  the 
wind  by  a  spring.  The 
pump  is  of  the  Stone  type, 
shown  in  figs.  8  and  9; 
the  check  valve  is  of  the 
single-flap  variety,  the 
plunger  valve  of  the 
double-flap  variety.  The 
cylinder  is  9^  inches  in 
diameter,  the  supply  pipe  4  inches  in  diameter,  and  tlie  discharge 
pipie  10  inches  in  outside  diameter;  the  length  of  stroke  is  1:^  inches 
and  the  discharge  per  stroke  14^  quarts.  The  well  is  4  feet  by  4 
feet  to  a  depth  of  8  feet — nearly  down  to  water.  From  that  point 
to  a  depth  of  18  feet  it  is  3  feet  in  diameter;  and  from  there 
three  pipes,  12  inches  in  diameter,  extend  down  5  feet  farther.  The 
lift  at  the  time  of  test  was  13}  feet,  the  barometric  pressure  27.2 
inches,  and  the  temperature  85°  F.     The  water  is  pumi>ed  into  a  pond 
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80  feot  by  75  f«Hn,  and  ii  depth  of  25  int-hen  <'an  bp  drawn  off.  The 
cost  of  th«  plant,  iucliidiiiK  mill,  tower,  pump,  and  pond,  was  tl45. 
The  gPeateHt  niiinlwr  of  Htrokes  per  minute  itt  probably  27  or  28  in  ■ 
-M>-mile  wind.  In  general  appearance  this  curve  b 
wen  to  resemble  that  of  mill  No.  2,  bnt  it  is  about 
4  miles  farther  to  the  left,  dne  to  lighter  load. 
Tlie  rt-gults  of  the  tests  are  a»  follows: 

RemtU  of  tetlg  of  mill  So,  S— 13-foot  Aermotor. 

[Load  per  Mmke.  41S..8  ront-pDondi.) 


VlDd  vplnity  |»r 

Itonda- 
Moniiof 

wlDdwh«l 

permmuto 

■ 

RtrukMot 
pnmp 

._. 

6.  a 

^^-! 

ES'i 

pan*.    , 

19.3    1 

O-Off   ' 

12mil« 

40.0 

13.0 

1        43.5    1 

0.131 

ISmilw   

54.7 

ie.4 

1        W.5 

a)mil«s 

ee.o 

Iff.  8 

1       71.8 

0.8iH) 

23  miles 

77.0 

28. 1 

88.8 

O.S»l 

80  miles 

l»3.3 

M-O 

90.0 

0.319 : 

The  curve  shown  in  fig.  10  is  for  a  rather 
litrhtly  loade<l  niill  (415.:)  foot-pounds  per  stroke). 
It  Hliii'ts  at  II  velocity  of  li  to  7  miles  an  hour, 
hwcikIs  Ices  rapidly  than  the  one  shown  in  fig.  It, 
attains  a  iiiaxinium  at  atmiit  15  miles  an  hour, 
when  thr>  number  of  strokes  per  mile  is  6i,  and 
then  descends  slowly,  n-whing  50  strokes  at  3U 
miles.  Tbcniimherof  strokes  per  minute  increases 
from  ul>i>ut  ■)  at  s  miles  to  2.5  at  :10  miles. 

Mill  Xu.  4- — This  mill,  shown  in  the  foreground 
of  I'l.  V.  is  III)  S-fool  Ideal  windmill  manufactured 
by  the  Si<iv<'r  .Maunfiiciurlii;;  Company,  of  Free- 
B.~  .    o.„  iH»rt,  Illinois.     It  linii  Is-cn  in  iisi' alMut  one  year, 

no.  &^^toiie  pump.        '  ^  ^        ' 

Hiid  nil  lit'  (he  parts  wen-  in  (r'xul  condition.  Tlie 
tower  is  of  wood,  llic  axisof  tin-  wIuh-I  bcinK  4i^  feet  almve  the  ground. 
The  wliecl  Ims  \h  sails,  carli  IHi  by  7  by  311  inches,  set  at  ail  angle 
of  ift°  with  tiic  piniic  of  flic  wheel.  It  is  liack-^'caml,  2i  to  1,  and  18 
held  in  the  wind  by  a  spring.  The  pump  is  of  ihc  Stone  make.  The 
diameter  of  the  discharge  pipe  is  Tt'i  inches,  of  the  supply  pipe  3  inches. 
The  leiinth  of  slii>ke  is  s  inches.  The  ptinifriT  and  i-heck  valvesare 
of  the  sinfflc-tlap  variety.  The  well  is  -1%  feel  by  -J  feet  down  nearly 
to  water— II  de|>th  of  Tt\  feel..  The  :|-inch  su[>ply  |)i|)e  extends  down 
to  a  depth  of  14  feet,  iiiiil  on  ihc  oik!  of  it  i.s  ii  :i-incb  well  point  6  feet 
long.  The  lift  may  vary  from  .-^.V  to  l'u  feet.  It  wjis  probably  about 
12  feiit  at  the  time  of  l<'sl8.  The  discharge  per  stroke  was  2  quarts. 
The  mean  baromctrii.-  jircssurc  wiis  27.1',t  inches,  tho  m«an  tempera- 
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tiire  83"*  P.  The  water  is  pumped  into  ft  pond  115  fefit  by  31  feet  and 
3  feet  deep.  The  cost  of  the  piftnt,  includin);  mill,  pump,  well,  »iid 
pond,  wfts  ISO.     The  results  of  the  teats  are  fan  follows: 

Beaull*  of  teaU  of  miU  No.  i—8-fimt  Ideal. 
(Load  per  atroke,  90  toot-pocndn.] 


1 

1      wind  Telodty 

per  hour. 

ofwlndwhiwl 

StroltMof 
pomp  per 

4S> 

UHfDlboiW- 

35.5 
48.2 
63.3 
70.3 
63.5 

10.3 
19.3 
25.3 
38.1 

35.0 

5.1 

B.e 

13.6 
U.l 
13.9 

1    30  miles 

The  curve  shown  in  flg.  11,  Htthoii^li  fur  «  rnthor  lifflitly  loaded 
mill — 50  f(X)t-pouud8  per  «trok< — sliuws  tluil.  Ilic  mill  «tart«  in  «  ID- 
mile  to  »n  Il-mile  wind.  Tlie  maximum  is  iviwliod  tit  lit  niiloH,  with 
asiiced  of  78  strokes.  The  riglit  sidti  of  the  curve  i«  <iuitA'  8t<H'p,  a 
charaoterlBtic  of  this  make  of  mill.  Mill  No.  18  \n  the  same  size  and 
make  as  this  mill,  and  yet  with  a  load  of  81). 2  foot-poHiids  it  starts  in 
A  7-mile  to  an  ft-mile  wind,  reaching;  a  inAsimum  at  about  13  miles,  at 
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a  Hpfted  of  1(14  ntrokPH  per  mil*'.  A  s4!P<>ii<l  ti'sl,  wht-n  the  spriiifr  that 
hokls  the  wind  wheel  in  th<;  wiixl  wa.s  tit;ht('iu'<l  ftoiiii'what,  laiy  tho 
maxiuuim  at  a  velocity  vf  iilxmt  15  mih-s,  with  a  piiiii|»  r*iM'(Hl  nf  alxnit 
114  strokes.  The  diff^i-eiure  HpiHsni-i'd  to  I»e  dm-  lo  thi-  diffi-n-iu-c  in 
piiiiilM  Hiid  welW.  The  rapid  fall  in  tlie  ciirrc  lo  the  right  of  the  hij^li- 
fst  iioiiit  is  dm;  to  the  easy  fjoveniiiit;  nf  the  mill. 

Mill  Xa.  5.— This  mill,  shown  in  ihc  bai-kKrouiid  of  I'l.  V.  is  an 
S-fuot  Aermotur  manufaclun^d  liy  the  Ai-nnntorConiiiHiiy,  of  ('hii-ago, 
Illinois.  The  tower  isof  wood,  and  isi!^.5  feet  hifih  to  tli<*a\isof  whet-l. 
The  exposure  is  gooil,  and  all  of  the  parts  weiv  in  good  workiii;;<irder 
Hi  the  time  of  testA,  tho  plant  havint;  lH.>eu  in  nsi-  alutul  one  year.  The 
wheel  has  1)4  enrveil  sails,  eaeh  3<>  by  l-*l  by  ~>1  inehes,  makint;  an 
angle  of  29^'  with  the  plane  of  the  whwl.  It  is  lm<-k-;rear<tl,  '-ik  lo  1. 
The  pump  is  of  the  Stone  make.  The  diseharc*-  pi[N-  is  H  imdii-s  in 
diameter,  the  supply  pipe  .'J  inches  in  diameter.  Tin-  valves  (rhi'i-k 
and  plunger)  are  of  the  single-Hap  varii'ty.  The  length  of  sli-ok<-  is 
8  inches.  The  well  is  4  feet  by  -t  feet  to  water,  a  depth  of  lO.-l  fed, 
A  12-inch  wooden  curb  extends  I'J  feet  furlhcr  inio  th>-  sand  and 
gravel.  The  discharge  per  stroke  was  ;^  tjuarts,  and  the  lift  V)  fet't. 
The  cost  of  plant,  including  pond,  was  ^HU. 
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The  reftullHS  of  the  tests  of  niill  No.  5  are  as  follows: 

Restdia  of  tests  of  mill  Xo,  6 — S-fooi  Aemu}tor, 
[Load  i>er  stroke,  M.9  foot-poundi.] 


Revolationfl  j    Strokes  of  Galkms 

Wind  velocity  per  hour,      of  wind  wheel  i    pamp  i>er     I  pumped  per 

I  iMirminate.  '      minnte.  mmnte. 


Uaefal  hone- 
power. 


12  miles 
1((  miles 
20  miles 
2o  miles 
30  miles 


62.0 

83.7 

99.3 

115.3 

128.8 


18.6 
25.1 
29.8 
34.6 
38.5 


16.3 
32.0 
26.1 
80.8 
33.7 


0.058 
0.072 
0.086 
0.099 
O.Ul 


This  s-foot  mill,  with  a  loa<l  of  *J5  foot-iKiuiids,  is  seen  to  start  in 
ail  ft-mile  to  a  O-inile  wiiid  (tig.  12),  reaching  a  maximum  at  13  to  15 
miles,  with  Oo  strokes  per  mile.  At  30  miles  an  hour  it  is  making  77 
strokes  i>er  mile,  or  39  strokes  per  minute.  This  curve  indicates  a 
rather  hi^avilv  loaded  mill. 

Mill  N(f.  0. — This  mill,  shown  in  the  background  of  PI.  IV,  is  an 
8- foot  Gem,  man  uf aetuivd  by  the  United  States  Wind  Engine  and  Pmnp 
Company,  of  Kansas  City,  Missouri.  The  working  part<s  of  the  mill 
are  show^ii  in  PI.  VI.  The  exposure  w^as  good  and  all  of  the  parts  were 
in  good  working  order,  the  mill  having  been  in  use  only  about  one 
year  at  the  time  of  tests.  The  wlieel  has  24  curved  sails,  each  30^  by 
10  by  44  iuclies,  8i»t  at  an  angle  of  35°  with  the  plane  of  the  wheel.  B 
is  back-geared,  3  to  1.  The  wheel  is  held  in  the  wind  by  means  of  a 
weight.  Th(^  pump  is  of  the  Stone  make.  The  dischai'ge  pi^K)  is  6 
inches  in  diameter,  the  supply  pipe  4  inches  in  diameter.  The  length 
of  stroke  is  S  inches.  The  well  is  oix>n  to  the  water — a  depth  of  ^ 
feet.  The  supply  pipe  is  on  a  w(»ll  point,  the  end  of  which  js  Ifi  feet 
b(»low  the  surface  of  t}i<?  ground.  The  lift  was  O^'g  feet  and  the  dis- 
chai-ge  per  stroke  3.i'  ([uarts.  The  tower  is  of  wo<h1,  and  is  24  feet 
high  to  t  he  axis  of  the  wheel.  The  mean  bai-omet  rie  pressure  was  27.03 
inches,  the  mean  temiKM-ature  So'  F.  The  i>lunger  valve  is  of  the 
double-llap  variety,  and  tlie  clieek  valve  of  the  single-flap  variety. 
The  results  of  the  tests  are  as  follows: 

lic.sttifs  of  ti'sfs  nf  mill  Ao.  »; — S-foot  (rem. 
I  F^tNtd  jHT  Mtr<>kt\  i7.»l  f«Mit-i>«>uinlH.] 


I    Wind  vi'lixrity  jmt  liuur. 


Revolutions 
of  wind  whorl 
IKT  mlDuto.   ' 


lemiles...    ...   :i7..3 

10  miles  i  ."):$.  7 

20  miles i  60. 0 

25miles '  70.2 

SOmiles.. i  85.5 


Strokos  of 

pTinip  iK;r 

minute. 


12.4 
17.9 
22. 0 
25.  4 
28. 5 


GuUonH 
minute. 


12.1 
1 1,  ij 
21.5 
24.7 

27.  H 


.       1 

,  Usof  nl  horHe- ' 
l>owor. 


0. 029 
0. 042 
0.051 
0.059 
0.065 
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Comparing  the  namber  of  strokes  per  minute  of  mills  Nos.  4,  5,  and 
>,  it  is  seen  that  although  No.  5  is  carrying  a  much  heavier  load  than 
either  of  the  other  mills,  it  makes  more  strokes  and  does  niucli  more 
w^ork  at  all  velocities. 

Mill  No,  7. — This  is  a  12-foot  Aermotor  similar  to  mill  No.  3.  The 
»wer  is  of  steel,  having  a  height  of  31  feet  to  the  axis  of  the  wheel. 
The  exposure  was  good  and  all  of  the  jmrts  were  in  good  working  order, 
ihe  plant  having  been  in  use  less  than  one  year  when  tests  were  mad<». 
The  pump  is  of  the  Stone  make  and  is  like  that  of  mill  No.  3,  <»xcept 
ihat  the  check  valve  is  of  the  solid-lift  variety.  The  lift  was  15^  feet 
ind  the  discharge  14.3  quarts  per  stroke.  The  water  is  pumped  into 
i  pond  135  feet  by  50  feet  by  2^  feet. 

Comparing  the  i*esults  of  the  tests  of  this  mill  with  those  of  mill 
So.  3,  it  is  seen  that  the  latter  is  somewhat  more  heavily  loaded  than 
ihe  former  and  makes  a  few  less  strokes  per  minute,  but  that  its 
lorsepower  is  a  little  greater.     The  effect  of  the  larger  load  is  shown. 

The  results  of  the  tests  of  mill  No.  7  are  as  follows : 


Results  of  tests  of  mill  No.  7 — iJ-foot  Aennotor. 
[Load  per  stroke,  461.9  foot-pounds.] 


Wind  velocity  per  hour. 

Revolutions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minuto. 

Gallonfl 

pumi)ed  iMsr 

minute. 

1 
1 
Useful  horw- 
power. 

12  inilpfi 

38.0 
52.7 
63.3 
73.7 
78.3 

11.4 
15.8 
19.0 
32.1 
23. 5 

40.7 
56.5 
67.9 
79.0 

84.0 

0.160 

16  miles 

20  miles 

0.221 
0.266 

25  miles 

30  miles 

0.309 
0.329 

Mill  No.  S. — This  is  a  10-foot  Star  wooden  mill,  manufactured  by 
Bradley,  Wheeler  &  C-ompany,  of  Kansas  CMty,  Missouri.  The  tower 
is  of  wood,  and  the  axis  of  the  wheel  ;J5.l  feet  above  the  ground.  The 
water  is  pumped  into  an  elevated  tank  20  feet  above  the  surface  of 
the  ground  and  is  used  for  irrigation.  The  wheel  lias  tiO  phiiie  sails, 
sach  37  by  5  by  2 J  inches,  set  at  an  angle  of  33  to  the  plane  of  the 
s^heel.  It  is  held  in  the  wind  by  means  of  a  weight.  It  is  not  back- 
beared,  a  stroke  of  the  pump  b<Mng  made  to  each  n^volution  of  the 
wheel.  The  supply  pipe  is  2  inches  in  dianu^ter  and  ter  mi  nates  in  a 
well  jxiint,  the  end  of  which  is  IS  feet  below  the  surface  of  the  ground. 
The  discharge  pipe  is  IJ  inches  in  diameter.  'I'he  cylinder  is  3  inches 
in  diameter,  the  length  of  stroke  T)  inches.  The  lift  may  vary  In^tween 
28^  and  37  feet.  It  was  estimated  to  be  about  30  f<H»t  at  th<*  time  of 
measurement.  The  discharge  per  stroke  was  0.24  quart.  The  cylin- 
der leaked  some  at  the  time  of  test«.  After  a  new  cylinder  was  put 
in  the  discharge  per  stroke  was  increased  to  0.40  quart.     The  mean 
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barometric  pressure  was  27.04  inches,  the  mean  temperature  78°  F. 
The  results  of  the  tests  are  as  follows: 

RestUta  of  testa  of  miU  No,  S-^lo-foot  Star  wooden  mill. 
[Load  per  stroke,  15  foot-poandM.] 


Wind  Telocity  per  hour. 

BeTcdntioiis 

of  wind  wheel 

per  minute. 

strokes  of 

pump  per 

minute. 

Qallons 

pumped  per 

minate. 

Useful  horue- 
power. 

8  miles 

28.0 
80.0 

28.0 
80.0 

1.7 
1.8 

0.013 
O.OU 

12  miles 

These  results  show  the  effect  of  the  very  light  load  and  the  read 
ness  with  which  the  wind  wheel  turns  out  of  the  wind.  It  makes  2 
strokes  per  minute  in  an  8-mile  wind  and  less  than  that  in  a  16-mi 
or  higher  wind. 

Mill  No,  9, — This  is  a  16-foot  Aermotor.     The  tower  is  of  steel,  an 
the  axis  of  the  wheel  is  30  feet  above  the  ground.     The  wheel  has  1 
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FlU.  13.— Diagram  showing  results  with  mill  Na  9~16-foot  Aermotor. 

curved  sails,  each  59  by  25i  by  10^  inches,  set  at  an  angle  of  30°  with 
the  plane  of  the  wheel.  It  is  back-geared,  3  to  1.  The  discharge 
pipe  is  12  inches  in  diameter,  the  supply  pipe  6  inches  in  diameter, 
the  cylinder  8  inches  in  diameter.  The  stroke  is  1 G  inches.  The  well 
is  -i  feet  by  r»  feet  to  a  depth  of  23  feet,  2  feet  by  2  feet  for  the  next  8 
feet,  and  IH  iuclies  in  diameter  for  the  next  14  feet.  The  water  was  39 J 
feet  below  the  surface  of  the  ground.     The  lift  was  44^  feet  and  the 
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Bcharge  per  stroke  11  quarts.  The  check  valve  is  of  the  single-flap 
kriety  and  the  plunger  valve  of  the  double-flap  variety.  The  mean 
irometric  pressure  was  27.04  inches,  and  the  mean  temperature  93° 
This  plant  had  been  in  use  about  three  years.  The  results  of  the 
sts  are  as  follows: 

BesulU  of  tests  of  miU  No.  9^16'foot  Aermotor. 
[Load  per  stroke,  1,018  foot-pounds.] 


Wind  velocity  i)er  hour. 

ReyolntionB 

of  wind  wheel 

per  minnte. 

Strokes  of 

pump  per 

minnte. 

Gallons 

pumped  per 

minnte. 

Useful  horse- 
power. 

12  miles 

16  miles 

20  miles 

31.8 
42.3 
51.6 
58.8 
63.0 

10.6 
14.1 
17.2 
19.6 
21.0 

29.1 
38.8 
47.3 
53.9 

0.325 
0.433 
0.548 
0.601 

25  miles 

30  miles 

57.7              0.644    ' 

The  curve  shown  in  fig.  13  starts  at  a  wind  velocity  of  8  to  9  miles, 
id  reaches  a  maximum  at  13  miles,  with  a  speed  of  53  strokes  per 
Qe.  From  that  point  to  a  velocity  of  about  19  miles  the  curve  is 
iarly  horizontal;  after  19  miles  it  descends  slowly  to  32  miles,  with 

strokes  per  mile.     The  speedjncreases  from  11  strokes  per  minute 

12  miles  to  21  strokes  per  minute  at  30  miles  an  hour. 
MiU  No^,  10, — This  is  an  8-foot  Ideal.     The  tower  is  of  wood,  the 
is  of  the  wheel  being  30  feet  above  the  ground.     The  wheel  has  15 
rved  sails,  each  31  by  19  by  7  inches,  set  at  an  angle  of  29^°  with 
e  plane  of  the  wheel.     It  is  back-geared,  24^  to  1.     The  supply  i)ipe 

1^  inches  in  diameter,  the  cylinder  2^  inches  in  diameter.  The 
imp  is  a  common  hand  pump,  with  lift  valve  of  the  flap  form  and 
anger  of  the  lift  variety.  The  valves  leak  some,  as  the  discharge  is 
eater  when  the  pump  is  working  rapidly  than  when  it  is  working 
>wly.     The  supply  pipe  is  on  a  well  point  2  feet  long  and  1^  inches 

diameter,  the  lower  end  of  which  is  50  feet  ])el()w  the  surface  of  the 
ound.     The  lift  was  33  feet  and  the  discharge  per  stroke  one-third 

a  quart  when  pumping  quite  rapidly.  The  mean  barometric  pres- 
ire  was  26.94  inches,  the  mean  temperature  97°  F.  The  results  of  the 
tsts  are  as  follows: 

Results  of  tests  of  mill  No.  JO — S-foot  Jileal, 
[Load  per  stroke,  23. 8  f  <x)t-poiindH.  j 


Revolutions 

of  wind  wheel 

per  minute. 


StrokeH  of 

pump  per 

minute. 


Smiles 
12  miles 
16  miles 
30  miles 


Gallons 

pumped  per 

minute. 


Useful  horso- 
power. 


0.010 
0.017 
0.028 


38  THR  WIMDMILIm  Cmh-II 

MiU  No.  11. — This  is  a  12-foot  Ideal,  the  workitiR  part«  of  v^cl 
are  shown  iu  fig.  14.  The  tower  is  of  steel,  the  axis  of  the  whee 
being  30  feet  above  the  grottDd.     The  ezposnre  wae  good,  and  all  of  thi 


Pill.  14.-Wnrklnic  purto  of  mill  No.  11— IS-foot  I<lt«l. 

iwrt»  wei>'  ill  [phhI  working:  ohUt  when  mill  was  t<>sted.  The  wl»* 
lias  III  funi-*!  mills,  oaoh  -tl  l>\-  li*  hy  7  iiu-ht-s,  art  at  an  angle  of  3^ 
••>  till'  jtlaii,'  Iff  tlir  wlifol.     It  is  l»ai'k-vr.-i\nH\,  -11  U\  1,  and  the  wh* 
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held  in  the  wind  by  a  spring.  The  disoharjje  pipe  is  8  inches  in 
imeter,  and  the  length  of  stroke  is  12  inch<»s.  The  supply  pipe 
Qsists  of  two  3-inch  pipes  14  feet  long,  each  teniiLnating  in  a  o-iiH*li 
)11  point  3  feet  long.  The  valves  (check  and  plunger)  an?  of  the 
igle-flap  variety.  The  water  was  39  feet  l)elow  the  siirfac<^  of  the 
ound.  The  lift,  as  nearly  as  could  be  ascertained  at  the  time  of 
^asurement,  was  45  feet,  the  discharge  per  stroke  9  quarts.  Tlie 
iter  is  pumped  into  a  pond  60  feet  by  40  feet  by  G  feet.  This  plant 
d  been  in  use  about  three  years.  The  mean  barometric  pn^ssure 
IS  26.91  inches,  the  mean  temperature  91°  F.  The  results  of  the 
lits  are  as  follows : 


Results  of  tests  of  mill  No,  J 1— 13-foot  Meal, 
[Load  per  stroke,  84Sw7  foot-pounds.  ] 


Wind  velocity  iter  hour. 

Beyolntions 

of  wind  wheel 

per  minute. 

12.0 
31.7 
47.0 

58.2 
62.5 

Strokes  of 

immp  per 

minute. 

GhHouh 

pumped  per 

minute, 

10.8 
28.6 
42.3 
52.  5 
50. 2 

Useful  horse- 
l><>wt*r, 

0.123 
0. 325 
0.481 
O.ChK) 
0. 6:«) 

12  miles 

4.8 
12.7 
18.8 
23.3 
25.0 

16  miles 

20  miles 

25  miles 

30  miles 

Mills  Nos.  9  and  11  pump  water  into  the  samo  pond  from  the  same 
jpth.     It  will  be  seen  from  these  results  that  for  wind  velocities  of 
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Fjo,  15.—DiBgram  showing  results  with  mill  No.  VV— Vi-lw^V.  VOi^eX. 
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30  ntilra  or  more  the  13-fool  mill  in  (inraping  nearly  m  mnch  vat^  w 

the  liufoot  mill;  for  voloeitiee  of  1^  miles  or  less  the  16-foot  mill  b 
immping  much  more  water  tiuB 
the  12-foot  mill. 

lliiB  curve  (Ag.  15)  Is  fbr  « 
heavily  loaded  (818.7  foot- 
XXJUDdti  per  stroke)  13-foot  mill. 
It  HtartH  with  a  velocity  of  about 

.       I— ^.^^^™       ^^  miles  nn  hour,  and  reachcn 

B^B       a  maximum  at  about  23  miles, 

//'~^\     ^^^^  with  a  speed  of  67  strokes  pei 

fcy  V^  ^^^       mile.     At  30  miles  it  is  making 

\  (/  >J  61  strokes  per  mile.     The  maxi- 

Lfc««««M««i**J\  mum  jxtiiit  of  this  curve  is  much 

farther  to  the  right  than  tliat  of 

any  other  curve.     The  number 

of  strokes  increases  from  5  per 

minute   at   12  miles  to  2fi  per 

minute  at  30  miles. 

Mill  Xo.  ;3.— This  is  a  l+-foot 
Ideal,  shown  in  PI.  VII.  The 
towor  Ih  of  8t«el  and  is  30  feet 
high  to  the  axis  of  the  wheel. 
The  whwsl  has  24  curved  ftaiU, 
each  48;!  by  17i  by  8  inches,  set 
at  an  Kiltie  of  30°  with  the  plane 
of  tin-  wheel.  It  is  iiack-goared, 
H  to  1.  The  pump  is  of  the 
FriKell  mtikc  (shown  in  fig.  IG). 
The  lUst^hai-ge  pipe  is  10  inches 
in  (iiametcr,  the  cylinder  91 
inotien  in  iliamet'Cr,  the  supply 
pipe  ij  inehes  iu  diameter,  ter- 
minating; in  II  well  ijoiut  10  feet 
long  iiiul  *'i  inelies  in  diameter, 
Ihe  liiwi-r  end  of  which  is  32  feet 
1mO"W  the  surface  of  the  ground. 
The  lil'l,  as  nearlj' as  could  b»' 
rsliraat<'<l.  was  11  feet,  the  di«- 
<-hnive  iMT  stroke  H.'i  quartH. 
The  nH-aii  lmit»metric  pressure 
was  27.04  inches,  the  mean  tem- 
IH-ralure  S]  K.  Tl»e  water  is 
pumiM'd  inloa  i-esi-rvnir  HIO  f<H>t 

by  HMi  feet  by  3  feet  diTji.     The  pnni|>  liad  iH'i'n  in  use  alKMii  one 

year.     The  n-sults  of  the  lest**  an-  »s  follows: 
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Begulta  of  testa  of  miU  No.  IS^tJ^foot  Ideal 
[Load  i>er  stroke,  263w5  foot-poands.] 


Wind  Telocity  per  hoar. 

BeTolatioQS 

of  wind  wheel 

per  minute. 

Strokes  of 

pomp  per 

minnte. 

Qftllons 

pnmped  per 

mfnate. 

Usef  nl  horse- 
power. 

Smiles 

7.7 
27.2 
89.8 
48.0 
58.7 

3.1 
10.9 
15.7 
19.2 
21.5 

8.9 
80.1 
45.1 
55.2 
61.8 

0.025 
0.087 
0.125 
0.158 
0.173 

12TnilflB 

16mileB 

SOmileB 

25  miles 

This  curve  (fig.  17)  is  for  a  very  lightly  loaded  (263.5  foot-pounds) 
^foot  mill.  This  load  is  only  31  per  cent  of  that  of  the  12-foot  mill, 
0. 11.  The  curve  starts  in  a  7-niile  to  an  8-mile  wind,  and  reaches 
maximum  at  15  miles,  with  a  speed  of  58  strokes  per  mile  of  wind. 
1 30  miles  the  speed  is  47  strokes.     Although  this  is  a  very  lightly 
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Pig.  17.— Diagram  Hhowing  results  with  mill  No.  12— 14- foot  Ideal. 

ided  mill  it  does  not  make  many  strokes  ikm*  minute.  In  fact, 
liongh  it  is  not  as  heavily  loaded  us  tho  12-f<)ot  uiill,  No.  15,  it  does 
t  make  as  many  strokes  per  minute  as  the  lattt»r  mill,  and  it  is  pro- 
cing  much  less  power  than  mill  No.  3. 

afiH  No.  i^.— This  is  a  12.foot  Aermotor  (shown  in  PI.  VIII).  The 
^er  is  of  wood,  with  the  axis  of  the  wheel  25  feet  above  the  ground. 
^^  exposure  was  good  and  the  plant  in  excellent  condition,  having 
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1)0011  in  use  al>ont  ono  yoar  at  the  time  of  testB.  The  wheel  is  the  same 
as  t  liat  of  No.  :i.  Tlie  piiiiip  \h  of  the  Stone  make,  llie  discharge  pipe 
is  l(t  inches  in  diameter,  the  supply  pipe  5  inches  in  diameter,  oni 
well  point  lo  feet  hmg,  the  lower  end  of  which  Is  17  feet  below  the 
surface  of  the  groun<l.  The  length  of  stroke  is  12  inches.  The 
I)lunger  valve  is  of  the  double-flap  t^'pe,  and  the  check  valve  of  the 
single-flap  tyi)e.  T\\e  discharge  i)er  stn>ke  at  the  time  of  testvai 
14.4  quarts  and  the  lift  alxnit  11  feet.  The  mean  barometric  pres- 
sun»  was  '27,()U  inches,  the  mean  temperature  91**  F.  The  results  of 
the  tests  an?  as  follows: 


Result H  itf  textH  of  mill  No,  IS — iS-foot  Aermoior, 

[LomI  ]»or  stroke,  Xt)  foot-poundH.] 


Wind  v»fl«)city  iK»r  hour. 


1:2  miles 
1ft  miles 
30  miles 
25  miles 
:io  miles 


RcyolntioDR      Strokes  of 
of  wind  wheel     pnmpper 
]H«r  minate.  '      minute. 


Gallons 

pamped  per 

minnte. 


36.7 
57.0 
70.0 
82.0 
91.7 


11.0 
17.1 
21.0 
24.  ft 
27.5 


89.6 
61.6 
75.6 
88.6 
99.0 


ITsefnlhotM- 
poww. 


0.110 
0.171 
0.810 
0.247 
0.875 


Tlu*  important  differenee  iK^tween  this  plant  and  No.  3  is  that  the 
iatt<»r  has  a  4-ineh  sui>])l.v  pipe  and  an  oi)en  well,  while  the  former  htf 
I  5-lneh  supply  ])iix*  on  a  well  point.  The  useful  load  per  stroke  of 
mill  \o.  Vi  is  L*n  pt^-  (mmiI  less  than  that  of  mill  No.  3,  and  the  num- 
ber of  strokes  jM'r  minute  of  No.  V}  is  slijrhtly  prreater  than  that  of 
No.  :>.  Tt  api)eai's  that  the  well  point  offers  s<nne  resistance,  but  how 
nuich  <'an  not  Im*  said  from  this  data. 

Mill  y(K  ij. — This  is  a  li'-foot  <^eni,  like  the  one  shown  in  PI.  IX,  on 
a  JJO-foot  steel  tower.  Thi*  j)unip  is  of  the  <Tause  make.  The  cylinder 
is  S  inches  in  <liameter,  the  length  of  stroke  I>  inehes.  The  supply  is 
from  a  l:?-ineh  pijK*  in  an  ojx'U  well.  The  diseharge  per  stroke  was 
03  ([uails  an<l  the  lift  \.'}\  fi'et.     The  wind  veloeity  was  not  measured. 

Mill  X(».  v./. — This  is  a  ln-ft»ot  <Tem  similar  to  that  shown  in  PI.  IX. 
Tln'  tower  is  of  wood,  the  axis  of  the  wheel  Ix^ing  34  feet  above  the 
ground.  Tht*  mill  was  in  good  working  onler,  but  the  exposure  was 
not  good,  <m  aeeount  of  tnM»s.  The  whei'l  has  'J4  sails,  each  36  b^"  11 
by  4}  in(»hes,  set  at  an  angh*  of  3.">  with  the  plane  of  the  wheel. 
It  is  bark-geanMl,  :J  to  1.  The  ])um])  is  of  tin*  Stone  make.  The  dis- 
eharge  pipe  is  s  inehes  in  diameter.  The  supply  pipe  is  on  a  3-inch 
W(dl  point  8  fiM't  long,  th«'  lower  end  of  whieli  is  21  :\  feet  below  the  sur- 
fa<M»  of  the  gronud.  The  plunger  valve  is  of  tln'  single-flap  form. 
Depth  to  water  is  lo  feet.  'I'he  dis(»harge  per  stroke  was  7  quarts,  the 
lift  alMMit  1 "»  fet»t.  The  mean  barometric  pressun.*  was  27.05  inehes, 
tin*  mean  temiMM-atuii'  S4    F. 
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The  results  of  the  tests  are  as  follows: 

Results  of  tests  of  miU  No.  L'* — lo-foot  Geiu, 
[Load  per  stroke,  S19  foot-poanda.  J 


1 

Wind  velocity  per  hoar. 

Bevolutioiis 

cA  wind  wheel 

per  miniite. 

Strokes  of 

pump  per 

minute. 

Gallons 

pumped  per 

minute. 

Useful  honwv 
power. 

12  miles.... 

28.4 
85.7 
44.1 
48.8 

7.8 
11.9 
14.7 
14.6 

13.6 
21.0 
25.7 
25.5 

0. 058 

0. 083 

0.101 

•       0.099 

16  m\\^ 

20  miles - 

25  miles 

This  mill  revolves  very  slowly,  indicating  a  heavy  load.  Its  useful 
horsepower,  however,  is  little  j^reater  than  that  of  mill  No.  5. 

Jfifl  No.  16. — ^This  is  a  10-foot  Halliday,  pumping  water  into  the 
same  pond  as  No.  15.  It  is  similar  to  the  mill  shown  in  fig.  20.  The 
tower  is  of  wood,  the  axis  of  the  wheel  being  28  feet  above  the  ground. 
The  wheel  has  78  sails,  each  36^  by  4  by  2\  inches,  set  at  an  angle 
of  35.5°  to  the  plane  of  the  wheel.  It  is  not  back-geared.  The 
pump  is  of  the  Gause  make,  with  a  discharge  pipe  (>  inches  in  diame- 
ter and  a  supply  pipe  4  inches  in  diameter.  There  is  a  6-inch  galvan- 
ized-iron  pipe,  forming  an  open  well,  extending  15  feet  into  the  water. 
The  depth  to  water  was  11  feet,  the  lift  16  feet,  and  the  discharge  per 
stroke  3  quarts.  The  mean  barometeric  pressure  was  27.02  inches, 
the  mean  temperature  94°  F.     The  results  of  tests  are  as  follows : 

Results  of  tests  of  mill  No,  16 — K^foot  wooden  Halliday. 
[Load  i>er  stroke,  100  foot-pounds.] 


Wind  velocity  per  hour. 


Smiles 
12  miles 
16  miles 
30  miles 
Similes 


Revolutions 

of  wind  wheel 

per  minute. 


strokes  of 

pump  jHjr 

miuuto. 


Galhms 

puinpod  jwr 

miuiite. 


4.0 
22.6 
33.9 
42.7 


4.0 
22.  H 
3:i.9 
42.7 
52. 5 


3.0 
10. 9 
25. 4 
32.0 
39.3 


Useful  horse- 
|M)Wor. 


0.012 
0.0C7 
0.103 
0. 130 
0.159 


This  10-foot  wooden  mill  is  seen  to  be  doing  more  useful  work  than 
^^^  10-foot  steel  Gem,  No.  15.  Usually,  however,  the  din^ct-stroke 
Wooden  mills  do  less  work  than  the  ba(*k-geared  st<»el  mills  of  the  same 
size. 

^m  No.  17. — ^This  is  a  12-foot  improved  (iem  on  a  3n-foot  steel 
^wer.  The  wheel  has  32  curved  sails,  each  42  by  11. J  by  4J  inches, 
^t  at  an  angle  of  37°  with  the  plane  of  the  wlieel.  It  is  back-geared, 
^  ^  1.  The  pump  is  of  the  Gause  types  with  an  8-inch  discharge  ])ipe, 
*  Much  supply  pipe,  12  inches  stroke,  and  an  open  well  fouuied  of  a 
12-inch  wooden  casin^r*     The  depth  to  water  was  Yl\  le^\>,  awvV  \\\^ 
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disohanre  i>f r  stmk**  >^  quarts.  The  mean  barometric  pressure  ww 
27.U.5  iiicliH>.  till'  iiieMii  tem|ieratiin'  H3~  F.  The  results  of  tketefitB 
ar«^  as  follnw>: 

H^s'iiti*  of  twt*  of  mill  .Vo.  17 — 22'foot  improved  Gem. 
',  Ijrmd  per  atroka.  3H5  foot-  pounds.  ] 


Wind  r^ii^*ity  per  boar.       ofwindwbevl 

per  minate. 


BerolntioDs  i    Strokes  of 


GftUODB 


pump  per       pumped  per 
minnte.      i      mmnte. 


n 


UaefnlhoiK- 


\'2  miles 
Ki  miles 
'Jn  miles 


12.0 
25. « 
34.6 


6.0 
12.8 
17.3 


12.7  ' 

27.8  ) 

96.8  ; 


0.070 
0.148 
0.203 


This  mill,  althou)y:h  nearly  new,  does  not  work  well.  It  is  out  of 
pliniih.  <  )nly  a  f<'W  nieasiiremeuts  of  the  number  of  strokes  ]>er  mile 
of  wind  w«.*n*  niadt:. 

Mill  Xn.  IS. — This  is  an  S-foot  Ideal  on  a  36-foot  wooden  tower- 
TIh-  exposure  wa.s  jrood  and  the  parts  in  good  working  order.  The 
\v)i4M*l  is  like  t  hat  of  mill  No.  4.  The  pump  is  of  the  Stone  make,  witb 
a  »>-in<-h  <liM*liar^e  piiH.*.  There  is  no  supply  pipe,  the  cylinder  being 
lunlor  watrr,  with  .*{  inches  o[)ening  to  it  from  !)elow.  The  check  valve 
is  of  tin*  lift  variety,  ilu*  plunder  valve  of  the  single-flap  variety.  The 
well  is  du;r  io  a  depth  <»f  S  fei't.  It  is  4^  feet  in  diameter.  In  the 
V)on<»m  a  l«»-inrh  jralvanized-iron  pipe  extends  down  several  feet.  It 
was  11  tVH  to  wat<M-.  Tlu*  lift  was  14J  feet  and  the  discharge  per 
strok<*  -.i»i'  <niarts.  The  nn*an  haromotrie  pressure  was  27.01  inches, 
Du^  inran  t<*mi>4M'aliin'  s;r  V.  The  <*ost  of  the  plant,  including  pond, 
was  ^I'Jo.     1'he  results  of  the  tests  are  as  follows: 

Rt'sults  nf  tcfttit  of  tuill  Ao,  /S—S'/oot  Ideal, 
[Lfiad  iK»r  stroke.  sJ»j?  foot-pounds.] 


Wind  vt'liN'ity  jkt  hf>nr. 


H  miles.. 
12  mill's.. 
1(>  miles.. 
:2n  miU'S  . 
*J.">  miles . . 


Rf^vohitious 

of  wiinl  \vhe*»r 

IMT  minute. 


20.  0 
5().  .*» 

*M.  2 

TO.U 


StrokfB  of 

pump  I>or 

miuute. 


8.0 
20.2 
20. 1 
28.0 
27. 5 


Oallons 

pumped  per 

miiiate. 


5.8 
14.6 
18.9 
20.8 
19.9 


0.028 
0.054 
0.070 
0.076 
0.074 


After  tin*  s]»rin^  wliirh  holds  tho  wind  wheel  of  this  mill  in  the  wind 
was  ti^ht<'ne(l,  1hf»  numbri'  of  strokes  imt  mile  of  wind  was  increased 
from  l»s  to  114  in  a  10-milo  wind,  from  84  to  lnL>  in  a20-inile  wind, and 
frt»m  ^V\  t.f»  7l»  in  a  i^/i-mih*  wind. 

Mill  Xn.  /.'y._This  is  a  lL>-fcK»t  Oom  (shown  in  PI.  IX)  on  a  30-foo1 
woo<I(Mi  town*.  Th(»  (?xposun»  was  goo<l  and  the  mill  in  good  work 
in-order.  The  wh<»el  is  likr  that  of  mill  No.  17.  The  pump  is  ol 
I.Im»  St.oiH*  mak<s  witli  a  10-in(^h  discharge  pipe  and  a  4-inch  suppl) 
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pe.  The  length  of  the  stroke  is  10  inches.  The  supply  pipe  is  on  a 
inch  well  point  9  feet  long,  the  end  of  which  is  23  feet  below  the 
irface  of  the  ground.  The  check  valve  is  of  the  lift  type  and  the 
anger  valve  of  the  single-flap  type.  The  lift  was  about  18  feet  and 
e  discharge  per  stroke  12  quartos.  The  mean  barometric  pressure 
18  27.13  inches,  the  mean  temperature  70°  F.  The  water  is  pumped 
to  a  reservoir  120  feet  by  60  feet.  The  results  of  the  t^sts  are  as 
Uows:* 

BetnUts  of  tests  of  mill  No,  19^12'foot  Oeni, 

[Load  i>er  stroke,  450  foot-ponnds.] 


Wind  velocity  per  hoar. 

Bevolations 

of  wind  wheel 

I>er  minute. 

Stroke  of 

pump  per 

minute. 

Gallons 

pumped  i>er 

minute. 

Useful  horse- 
power. 

13  mllefl 

12.4 
23.8 
29.4 
82.0 

6.2 
11.9 
14.7 
16.0 

18.6 
35.7 
44.1 
48.0 

0.085 
0.162 
0.201 
0.219 

16  miles 

20  miles 

25  miles 

This  curve  (fig.  18)  shows  that  a  9-mile  wind  is  necessary  to  start 
is  mill,  and  that  the  greatest  number  of  strokes  per  mile  of  wind 
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Fio.  18.— Diagram  showing  results  with  mill  No.  19— 12-foot  Qem. 

45 — about  25  per  cent  less  than  most  1 2-foot  steel  back-geai'ed  mills, 
ing  at  the  rate  of  6  strokes  at  12  niilos  and  10  strokes  at  25  miles  an 
>ur.  The  load  of  this  mill  is  somewhat  greater  than  that  of  No.  3, 
id  its  power  should  be  equal  or  greater,  but  it  is  seen  to  be  much  less. 
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[1I0.4L 


Mill  Xo.  20, — This  is  a  15i-f<M)i  JiiinlM>  (shown  in  PL  X,  A).  Its 
axis  is  a  st4)el  shaft  8  feet  al)ove  the  ground.  It  has  G  sails,  each  f4  hy 
3^  feet,  with  an  outer  rndius  of  7J  feet  and  an  inner  radius  of  4^  feet 
This  mill  operates  two  i)umi)s,  one  at  em'h  end  of  the  axis,  each  pump 
having  a  0-inch  cylinder,  a  3-inch  discharge  pii>e,  and  a  3-inch  supply 
pipe  on  a  well  iwint  5  feet  long.  The  discharge  per  stroke  of  the 
two  pumps  was  10  quarts,  the  lift  about  14  feet.  The  mean  baro- 
metric pn\sHure  was  37.09  inclies,  the  mean  temperature  85**  F.  The 
anemctmeler  was  held  14  fe<^t  al)ovo  the  sui'faoe  of  the  gix>und,  or 
at  the  elevation  of  the  center  of  a  sail  when  in  its  highest  position. 
The  wheel  is  s(*t  in  a  large  box  the  top  of  which  is  on  a  level  with  tte 
axis  of  the  wheel,  to  prevent  the  wind  from  striking  the  part  of  the 
wheel  below  its  axis.     The  results  of  the  tests  are  as  follows: 

Results  of  tests  of  mill  Xo,  ::n — l5^foot  Jumbo, 

[I.ioad  per  Htrokn.  1»\.i  fuot-pounds.] 


Wind  vol«x:lty  i>er  hmir. 


16  miles 

20  lu^les 


Bevolntioufl       Strokenof    :      OallMii 
of  wind  wheel     pump  per    \  pumped  per 


per  minute. 


5.8 
10.7 


minute. 


5.3 
10.7 


minute. 


26.7 


Uwfol 


0.047 
0.1 


The  curve  shown  in  fig.  10  is  seen  to  l)e  different  from  the  others  in 
that  it  apparently  ha^t  no  maximum.     It  start-s  at  a  wind  velocity  of  1^ 


VELOCITY  OF  WIND  IN  MILES  PER  HOUR. 

15  an  25 


Fi(«.  l!<.  -Diuj^rHUi  .showing  results  with  mill  No.  21^— Idl-foot  Jumbo. 

to  H  miles,  aii<l  In^yond  "10  miles  it  apiM»ai*s  to  Ik>  a  nearly  stxaight 
lino.  Comparing  these  results  with  those  of  No.  6,  it  will  be  seen 
that  this  mill  is  inferior  in  i)ower  to  u  good  8-foot  steel  mill. 


VIEW  OF   MILL   NO,  JO— ISl-FOOT  JUI 


PUMPING    MILLS   TESTED. 

ifmi^o.  SI.— This  is  »  12-foot.  llHlliday  (shown hi  PI.  XI)  on  a  31- 
a  Uiwer.     It  was  made  by  tlie  United  States  Wind  Engine 
[■mt  fiimp  C-ompany,  of  Bat.avia,  Illinois.     Tho  worlting  purtji  are 


""Bral;  C,  front  pUto;  C-,«iBi»tIn|{  weight:  i*,  slidinB  head;  E  tiered;  ^^  fcirHod  lover:  f. 
J^waaHi;  &.  tmea  frame;   H,  tni«  rod;  t,  pitmmu;  L',  fan  lerer;  Jlf,  comk  plats;  Jf  Jf', 
I   iM«ti:P,wo!gbtlevef:  X.BhQt-.ffrod;  B',«hnt-oBrodlcvor;  S.inainBhaft:  S-.Hlearo;   »'.  vane; 
"     oaann;  H',  weight;  H^'.  counter irefgbt;  A',  avlvelbox:  1',  spider:  2.  idldlns  bcci. 

[  s'lowu  in  tig.  20.  The  wheel  haa  6+  saile,  each  42^  by  5  by  2f  inches, 
•^Ut  an  angle  of  -33°  with  the  plane  of  the  wheel.  It  is  not  hack- 
geared,  and  reg-ulates  itxi-'lf  nii  the  centrifugal  prVnciijVe — VUe  «».^r 
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taking  the  direction  of  the  wind.  The  pomp  is  of  the  Stone 
with  7^-ineh  discharge  pipe,  4-inch  supply  pipe,  and  7  inches  i 
The  check  valve  is  of  the  lift  variety,  the  plunger  valve 
double-flap  variety.  The  well,  which  is  open,  is  formed  by  a  i 
curb,  12  inches  in  diameter,  sunk  in  the  bottom  of  a  dug  well 
deep.  The  depth  to  water  was  Hi  feet  and  the  lift  11  feet.  Tl 
charge  per  stroke  was  4^  quarts  when  pumping  quite  rapid 
strokes  per  minute).  The  valves  were  not  in  very  good  repa 
the  pump  lost  its  priming  after  a  time.  The  results  of  the  te 
as  follows: 

BestUts  of  tests  of  tnUl  No.  21 — li-foot  wooden  HaUiday. 


[Load  per  stroke. 

U1.5  foot-poands.] 

Wind  velocity  per  hour. 

♦ 

BevolDtions 

of  wind  wheel 

perminnte. 

Strokes  of 

pomp  per 

minaie. 

aaUoos 

pumped  per 

mmnte. 

Useful  h< 
powei 

19  mileff       

14.0 
28.5 
87.8 
44.6 

14.0 
28.5 
37.8 
44.6 

15.9 
82.1 
43.0 
50.2 

0.0 

16  miles 

0.1 

20  miles 

0.1 

25  mil60 , .... 

0.1 

1 

This  curve  (shown  in  fig.  21),  which  is  for  a  lightly  loaded 
foot-pounds)  direct-stroke  12-foot  mill,  will  be  seen  to  start  at  i 
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Fig.  21.— EHagram  showing  results  with  mill  No.  21— 12-foot  Halliday. 

velocity  of  9  to  10  miles  and  to  reach  a  maximum  at  19  miles, 
speed  of  112  strokes  per  mile.     At  30  miles  the  number  of  strc 
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■bout  08  per  mile.  The  nnmber  of  strokes  per  tninutt'  varies  from  14 
at  li  miles  to  45  at  25  miles.  The  power  of  this  mill  is  only  alxmt 
half  that  of  the  12-foot  Aermotor,  No.  3. 

MSI  No.  S3. — This  is  an  8-foot  steel  mill  on  a  3M»ot  mIihI  tower, 
made  hy  Fairbanks,  Morse  A  Company.  The  wliwil  has  I S  curved  »*iils, 
each  39  by  llf  by  5^  inches,  set  at  an  angh'  of  I'll"  with  the  plane 
of  the  wheel.  It  is  back-geared,  2^tol.  The  pump  is  of  1h<>  4-om- 
mon  hand  variety,  with  a  B^inch  cylinder,  lA-inch  supply  and  dis- 
charge pipes,  and  4  inches  stroke.  The  well  is  open,  i;|  feet  to  water. 
The  discharge  per  stroke  was  0..31  quart  and  the  lift  Sj^  feet.  The 
water  raised  is  used  for  watering  stock.  The  results  of  the  te:sts  are 
as  follows : 

Heiullt  of  te»t»  of  miU  «b,  SS— 8-foot  Fairixinkx-JSorm-  xti-fl  mill. 
[Lottd  per  atroko.  5.5  foot-iiouailii.  | 


»tad  velocity  per  boar. 

of  wind  wheel 
per»taa«. 

stroke- gf 

30.7 
78.0 
S8.2 
05.0 
83.2 

30.3 
ST.  3 

38.0 

33.  a 

0.003 
O.0ft-> 
0.007 
O.lMW 
0. 0(15 


This  is  a  very  lightly  loaded  mill — only  5.5  foot-poun<li 
P<imp.     The  number  of  strokes 

P*r  minute  in  light  winds  is  velwitv  hk  wim.  is  »i 
is^;  the  numberof  strokes  per 
'uiuot^  in  a  25-mile  wind  is  only 
■^■'i,  compared  with  38  in  a 
i"-mile  wind.  A  comparison  of 
this  mill  with  No.  5  will  show 
Ihe  difference  between  a  small 
pumping  outfit,  for  stock  pur- 
poeeN  and  one  for  irrigation. 

Mill  No.  ;»>.— This  isa  10-f«K.t 
Irrigator  manufactured  hy  M. 
Schow,  of  Kinsh-y,  Kansas.  It  is 
Apower  mill,  but  not  geared  fnr- 
"ard,  and  works  a  pump  calknl  a 
"water  elevator."  The  tower  is 
of  wood,  22  feet  to  axis  of  wlieel. 
TTie  wind  wheel  has  10  plane 
"^ooden  sails,  each  70^  by  Hi  by 
^^  inches,  set  at  an  angle  of 
39*  to  the  direction  of  the  wind. 
^  vertical  shafting  is  geare<l  liackSUto  13,  and  the  hoi 
»  geared  forward. J5  to  30.  The  watvr  is  lifted  from 
XBB  41—01-^ 


■i'/.OVUAl 


1^  Iv'i't 
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T  '.-:::::'?  r^r  minm^-  Mf  thewin< 
*>  •>.-  •-•■r>^>>wr-r  ft>r  :hea^  lua«lr= 
O  z-Uiring  :he  iis«>ful  pum 
L  rs»:r»iwer  ^f  ihiai  mill  vit 
''•..i-r.  •  -f  :b^  IWoot  mill  No.  i 
.:  --"-i:  V*r  5*en  that  this  milli 
:.  •:  >•'  :*'werful  as  Xo.  i*.  Th 
•.  wrr  ••'  :he  AonnoTor  for  lo^ 
v-l'^;:::t.-s  i<  miioh  greater  ihft 
* \a:  ..f  'ht-  Irripu«>r. 

V  V  ,  .  :.— Thi>  i.^  a  U-fo( 
K^jiii  w.».n1».u  jMJwer  mill,  inani 
:;ir::ir»-l  a"  Elpu.  Illinois. 
•A .  .:k  ••  .1  :•  •lary  i  AVoiuier'i  pum] 
r'»i»'  w::,il  wliet'l  is  on  a  4S-fo< 
\\ .  K  M : » •  n  t « i w tT.  It  has  88  j)lai 
wiMMlt.'M  :>;iil>,  va<*h  hH  bv  •>  1 
;;.  iurIn->.  s«'i  at  an  angU'  of  3 
i<i  till"  plant*  of  the  wheel. 
is  a  >tM'Tional  vaneless  whe< 
in  jilar**  nf  the  vane  there  is 
lu-avy  e<  mnt  i.Tpois<*.  The  wh( 
is  ''fan'il  forwanl  abont  7.19 


1  'VUi'  rotarv  pump  is  a  :;  ineh.  It  is  on  a  wt-ll  piunt  0  inches 
'liaiiKl'T  aii<I  .-.  r<oi,  lon^;  the  point  penetrates  the  water  to  a  depth 
''.  \i'A'\,     '\\\i'.  iilL  was  about  J?>  feel.     The  suction  and  discharge  pip 
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are  each  3  inches  in  diameter.  The  discharge  was  2  quarts  per  revo- 
lution of  pump.  The  pump  is  manufactured  by  the  National  Pump 
Company,  of  Kansas  City,  Missouri.  In  a  15-mile  to  a  20-miIe  wind 
the  windmill  worked  the  pump  before  priming,  but  would  not  start  it 
in  that  wind  after  priming.  After  several  attempts  of  the  mill  to 
start  the  pump  the  pulley  turned  on  the  shaft  so  that  it  could  not  be 
used.  It  was  very  evident  that  the  pump  was  too  great  a  load  for  the 
mill.  The  owner  stated  that  the  mill  would  only  run  during  a  strong 
wind. 

Mill  No.  S2, — This  mill  is  like  the  12-foot  Aermotor,  the  working 
paiiiS  of  which  are  shown  in  fig.  7.  It  is  on  a  40-foot  steel  tower. 
Tlie  wheel  has  18  curved  sails,  each  44  by  ISJ  by  7}  inches,  set  at  an 
angle  of  31°  to  the  plane  of  the  wheel.  The  pump  id  of  the  Wood- 
manse  type,  a  sectional  view  of  which  is  shown  in  fig.  5,  and  has  an 
8-inch  cylinder  and  12  inches  stroke.  It  is  in  an  open  well.  The  depth 
to  water  was  14  feet,  the  lift  20  feet,  and  the  discharge  per  stroke  7 
quarts.  It  is  back-geared,  3^  to  1.  The  water  is  pumped  into  a  i)ond 
and  used  for  irrigation.  The  mean  barometric  pressure  was  27.9 
inches,  the  mean  temperature  82°  F.  The  results  of  the  tests  are  as 
follows: 

Results  of  tests  of  mill  No,  32 — 12'foot  Aermotor. 
[Load  per  stroke,  813  foot-iK>uiid&] 


Wind  velocity  per  hoar. 

Bevolationa 

of  wind  wheel 

per  minate. 

strokes  of 

pnmp  per 

minate. 

Smiles 

17.7 
49.8 
60.0 
73.0 

5.3 

12  miles 

15  miles 

14.8 
18.5 

20  miles 

22.0 

Gallons 

pamped  per 

mmnte. 

Usefnl  horse- 
power. 

9.3 
25.9 
32.4 
38.5 

0.047 
0.131 
0.164 
0.195 

Mill  No.  3S — This  is  a  10-foot  Woodmanse  jmrnping  mill  on  a  40-foot 
steel  tower.  The  working  parts  are  like  those  shown  in  fig.  4.  The 
wheel  has  24  curved  sails,  each  30|  by  12^  by  5^  inches,  set  at  an 
angle  of  29°  to  the  plane  of  the  wheel.  It  is  back-geared,  24  to  1. 
The  pump  is  of  the  Woodmanse  make  (like  that  shown  in  fig.  5),  with 
a  6-inch  cylinder  and  10  inches  stroke.  Tho  depth  to  water  was  14 
feet.  The  pump  is  on  a  well  point  3^  ineh(^s  in  diameter,  4  feet  long, 
and  67  feet  below  the  surface  of  the  ground.  The  suction  pipe  is  3^ 
inches  in  diameter,  the  discharge  pipe  G  inches  in  diameter.  The  lift 
was  about  22  feet,  the  discharge  i)er  stroke  3J  quarts.  The  water 
is  pumped  into  a  pond  and  used  for  irrigation.  The  mean  barome- 
tric pressure  was  27.9  inches,  the  mean  temperature  88°  F. 
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Th«  results  of  th*-  t«fsts  are  an  foLl«jws: 

R^jthIU  of  t^at4  of  nm  .Vow  ^i — /  -i^>^  IFootJiitaiue. 


Win«l  veln«!ity  per  hoar.      -jf  wind  wh«*L      pomp  per       pumped  per       ^'" 

per  minate.         ixucat<;.  mmate. 


HmWes ^.7  :i..>  3.3  0.03i» 

12mae8 3U.0  U.4  13.5  0.075 

15  miles 51.5  20.5  19.2  0.110 


Mill  Xo.  -io. — Thi.s  Lsan  S-f«»t  st#.*el  EVmpster  pumping  mill,  ma.*  nu- 
faeturcKl  by  llie  Dempster  Manufat'tnnng  Company,  of  Beatf  ioe, 
Nebraska,  and  is  shown  in  PI.  XII.  The  tower  is  of  steel,  3i>feet  to^»^s 
of  whwil.  The  wind  wheel  has  1>  curved  sails,  each  3<H  bv  14^  t>y  7 
inches,  set  at  an  angle  of  27'  to  the  plane  of  the  wheel.  It  is  b»*k- 
^reared,  3  to  1.  The  well  is  an  open  dug  well.  The  distance  from  ^^^ 
surface  of  the  ground  to  the  water  wa**  3i>  feet.  The  water  is  pum  f^ 
into  a  tank  2i*  feet  aljove  ground,  and  is  used  for  irrigation.  "T^c 
pump  has  an  S-incli  stroke,  a  3|-iuch  cylinder,  and  2-inch  suction  *3».nd 
discharge  pij^es.  The  lift  was  5s  feet,  the  discharge  per  stroke  1-^ 
quarts.  The  mean  tenii>eratun*  was  51 '  F.,  the  mean  barometric  p:»i^^ 
sure  2HM  inches.     The  results  of  the  tests  are  as  follows: 

Result H  (if  tests  of  mill  Xo.  .?5 — S-foot  steel  Dempster, 
[Load  per  stroke,  1^(15  foot-pounds.  1 


Revolutions      Strokes  of 
Wiml  v«!l»M:lty  iK.T  hour.      of  wind  wheel      pump  per 

per  minute.  -      minute. 


Oalloiis 

pumped  per 

minnte. 


Uaaf  ol  horae- 
power. 


I 


12milefl 57.fi  19.2    ■  5.3 

Ifimiles m,i  28.8  7.9 

20  miles 99.9  S^.'S    ■  9.2 


In  a  15-inilc  win<l  the  pump  niadc*  2»»  to  27  strokes  iwr  minute,  a^*" 
wlion  lliepunip  rod  was  iinc()uj)led  from  the  pump  it  made  34  strok^* 
|M'r  niinut^^  in  the  sanu^  win<l.  Fig.  24  shows  the  number  of  strok<^*** 
IM»r  minute  for  difTerent  wind  velocities.  This  mill  is  heavily 
load<*d — l.'J.'J  foot-pounds  p<»r  stroke  of  pump.  It  starts  at  a  win*' 
velocity  of  about.  'J  mih»s  an  hour,  and  as  the  wind  increases  tl»*^ 
numlNM*  of  strok<»s  increases  i'api<ny  at  lii'st,  tli(»n  more  slowly.  iV*' 
2^)  miles  an  hour  the  number  of  strok(»s  is  .*]7  imm*  minute.  This  mil ■- 
is  ba<'k-gear(Hl,  ;>  to  I,  so  that  in  a  2/)-niile  wind  the  wind  wheel  mak^^ 
1 1 1  revolutions  per  minute  and  has  a  circumference  velocity  of  4(5-^ 
f<»et  per  s(M»()n<l. 

Mill  Ao.  'ifl.  -  'i'his  is  a  22.V-f<)ot  E<»lix)se  wooden  pumping  mill,  lif'^' 
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The  results  of  the  tests  are  as  follows: 

Results  of  tests  of  mill  NOm  S3 — lO-foot  Woodmanse. 
[Ijoad  por  stroke,  173  foot-ponndA.] 


'  RevolatioDB 
I     Wind  velocity  per  hour.      of  wind  wheel 
'  per  minnte. 


8  mHes 
12  miles 
15  miles. 


8.7 
36.0 
51.2 


Strokes  of 

pamp  per 

minute. 


3.5 
14.4 
20.5 


Gallons 

pumitedper 

minute. 


7 


Useful  horsie- 
power. 


3.3 
13.5 
19.2 


0.020 
0.075 
0.110 


Mill  No.  Sh, — This  is  an  8- foot  steel  Dempster  pumping  mill,  mauu- 
factured  by  tlie  Dempster  Manufacturing  Company,  of  Beatrice, 
Nebraska,  and  is  shown  in  PI.  XII.  The  tower  is  of  steel,  JK)  feet  to  axis 
of  wheel.  The  wind  wheel  has  18  curved  sails,  each  30^  by  14^  by  7 
inches,  set  at  an  angle  of  27"*  to  the  plane  of  the  wheel.  It  is  back- 
geared,  3  to  1.  The  well  is  an  open  dug  well.  The  distance  from  the 
surface  of  the  ground  to  the  water  was  39  feet.  The  water  is  pumped 
into  a  tank  22  feet  al>ove  ground,  and  is  used  for  irrigation.  The 
pump  has  an  8-inch  stroke,  a  3J-inch  cylinder,  and  2-inch  suction  and 
discharge  pipes.  The  lift  was  58  feet,  the  discharge  per  stroke  1-^ 
quarts.  Tlie  mean  temperature  was  51°  F.,  the  mean  barometric  pres- 
sure 28. y  inches.     The  results  of  the  tests  are  as  follows: 


BestUts  of  tests  of  mill  No.  35 — S-foot  steel  Dempster, 
[Load  per  stroke,  VXLb  foot-pounds.] 


Wind  vol* Kilty  i>er  hour. 


Revolutions 

of  wind  wheel 

per  minute. 


12  miles 
10  miles 
20  miles 


57.6 
8(5.4 
99.9 


Strokes  of 

pump  per 

minute. 

Gkdlons 

pumped  per 

minnte. 

1 
Usefol  horse- 
power. 

19.2 
28.8 
33.3 

5.8 
7.9 
9.2 

0.077 
0.116 
0.134 

1 

lu  a  lo-niilo  wind  tlie  pump  mado  2<»  to  27  strokes  per  minute,  an^* 
when  the  pump  rod  was  un<H>upled  from  the  pump  it  made  34  stroke*.'^ 
IH^r  minute  in  tli<»  same  wind.  Fig.  24  shows  the  number  of  stroked 
jmr  minute  for  different  wind  vi»l(KMti<»s.  This  mill  is  heavil>'' 
loaded — 13.'J  foot -pounds  per  stroke  of  pump.  It  starts  at  a  winc^ 
velocity  of  alM)ut  l»  miles  an  hour,  and  as  tlie  wind  increases  t-h^ 
iiuml)er  of  strokc^s  increases  rapidly  at  fii"st,  then  more  slowly.  A^ 
25  miles  an  hour  the  nunilHM*  of  strokes  is  37  pi»r  minute.  This  mill 
is  back-geared,  3  to  1,  so  that  in  a  2»5-niile  wind  the  wind  wheel  makes^ 
1 1 1  revolutions  i)er  minute  and  has  a  circumference  velocity  of  4:6.5 
feet  jK'r  s<»cond. 

Mill  No.  iif't. — This  is  a  224^- foot  Eclii)se  wooden  pumping  mill,  W*^ 
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ing  water  into  h  tank  for  railroad  purposes.  The  tower  is  of  wood,  52 
feet  to  the  axis  of  the  wheel.  The  wind  wheel  hiM  130  plane  sails, 
each  105  by  C  by  2  inches,  set  at  an  angle  of  39°  to  the  plane  of  the 
wheel.  It  works  by  direct 
stroke.  The  well,  which  is 
open,  is  20  feet  in  diameter; 
the  depth  to  water  was  10 
feet  from  the  surface  of  the 
ground.  The  pump  is 
(lonble-aoting,  and  has  a 
:tf  inch  cylinder,  7  inches 
stroke,  and  2-inch  suction 
and  discharge  pipes.  The 
lift  was  39  feet.  The  tank 
is  90  feet  from  the  well. 
The  discharge  could  not  be 
measured,  but  as  the  pack- 
ing of  the  pump  was  new  it 
was  appi-oximately  equal  to 
twice  the    volume    of    the 


Fio.  34.— Comparative  diagram  sliuwing  reHultH  witb 
milk)  No.  35  (8-foot  Dempster)  and  No.  'M  i'J2itoot 
Eclipee). 


cylinder,  or  0.76  gallon  per  double  stroke.  The  mean  temperature 
was  58°  F.,  the  mean  barometric  pressure  211.43  inches.  The  results 
of  the  tests  are  as  follows: 

RemdU  of  tests  of  mill  No,  30 — 23\'foot  ti?ooden  Eclipse, 
[Load  per  stroke,  248  foot-poundR.! 


Wind  velocity  per  hoar. 


Smiles 
13  miles 
16  miles 
20  miles 
25  miles 


Revolntions 

of  windwtieel 

per  minute. 


strokes  of    <       Gallons 
pump  per       pumped  per 


4.8 
12.0 
16.5 
20.0 
24.2 


minute. 


4.8 
12.0 
16.5 
20.0 
24.2 


mmute. 


Useful  horao- 
power. 


3.« 

0.036 

9.4 

0. 090 

12.8 

0.124 

15.  6 

0. 150 

18.8 

0.182 

Pig.  24  shows  the  strokes  per  minute  at  (lilT(»r<*nt  wind  velocities. 
*Tie  diagram  is  seen  to  be  quite  different  from  that  of  mill  No.  35. 
^e  mill  starts  at  a  wind  velocity  of  <)  or  7  miles  an  hour,  and 
^^creases  gradually  to  24  strokes  in  a  !35-niile  wind.  The  eireumfer- 
**nce  velocity  of  the  latter  is  40.5  f(»et  p(»r  S(»eond,  that  of  the  former 
-•^  feet.  The  wind  wheel  of  this  mill  is  nmkinj^  24  revoluti(ms  i)er 
'Minute;  that  of  No.  35  is  making  111  revolutions  per  minute  in  a 
25-nuie  wind. 

Mill  No.  ^7.— This  is  a  12-foot  steel  Woodinanse  Mogul  like  that 
shown  in  fig.  4.  It  pumps  water  into  a  pressure  tank  9^  feet  by  2^  feet 
^  a  cellar  and  about  170  feet  from  the  well.    The  pump  and  pi-essure 
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The  ro8ult«  of  the  t«st«  are  as  follows: 

Results  of  tests  of  mill  No,  SS^lO-foot  wooden  Woodmanse, 

[Load  per  stroke,  21  foot-poandn.] 


Wind  Telocity  per  honr. 


Smiles 
12  miles 
16  miles 
20  miles 
25  miles 


Bevoltitions 

of  wind  wheel 

per  minute. 


18 
29 
36 
41 
46 


Strokes  of 

pamp  per 

minute. 


Gallons 

pumped  per 

mtnate. 


Usefnl  hon 
power. 


0.012 
0.019 
0.023 
0.026 
0.029 


Fig.  27  shows  the  number  of  strokes  per  minute  for  different ' 
velocities.     This  is  a  lightly  loaded  mill,  working  direct  stroke 


VELOCITY  OK  WIJO)   IN  MILB8  PEK  HOUR. 
10  15  ao  25 


FlO.  27.— Ck>mparative  diagrram  showing  resnlts  with  mills  No.  38  (10-foot  wooden  Woodi 

and  No.  48  ^30-foot  wooden  Halliday). 

starts  in  a  5-mile  wind;  the  numlx^r  of  strokes  increases  very  ra 
at  first,  and  more  slowly  for  high  velocities.  In  a  30-mile  win< 
number  of  strokes  per  minute  is  50.  The  circumference  vel 
of  this  wheel  in  a  25-mile  wind  is  24  feet  per  second. 

Mill  No.  39. — This  is  a  10-foot  Woodmanse  direct-stroke  iron  p 
ing  mill,  used  to  pump  water  for  stock.  The  tower  is  of  iron,  3t' 
to  the  axis  of  the  wheel.  The  wind  wheel  has  18  curved  sails,  ea 
by  12^  by  7J  inches,  set  at  an  angle  of  40^"  to  the  plane  of  the  \i 
The  pump  is  on  a  well  point  24  feet  below  the  surface  of  the  gr( 
It  has  a  stroke  of  0  inches,  a  3^-inch  cylinder,  and  l^inch  su 
and  discharge  pipes.  The  lift  was  about  27  feet,  the  discharg 
stroke  1  quart.     The  results  of  the  tests  are  as  follows: 
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Results  of  tests  of  miU  No.  S^^lO-foot  iron  Woodmamtt', 
[Load  per  stroke,  36  fcx)t-p<mndfl.] 


'^T^ind  velocity  per  honr. 


8  miles 
12  miles 
16  miles 
ao  miles 


Revolntions 

of  wind  wheel 

per  minate. 


15 
80 
40 
47 


Strokes  of 

pump  per 

minate. 


15 
30 
40 
47 


Gallons 

pnmped  per 

minate. 


3.7 

7.5 

10.0 

11.7 


Usefal  hurse- 
powor. 


0.017 
0.034 
0.044 


0. 052 


MiU  No,  40. — This  is  an  8-foot  steel  pumping  mill  manufactured  by 
Fairbanks,  Morse  A  Company.  It  is  used  to  pump  water  for  stock.  It 
is  on  a  30-foot  steel  tower.  The  wind  wheel  has  18  curved  sails,  each 
29  by  lOj^  by  5  inches,  set  at  an  angle  of  20°  to  the  plane  of  the  wht^el. 
It  is  back-geared,  2ito  1.  The  pump  is  on  a  well  point  20  feet  below 
the  surface  of  the  ground.  It  has  a  stroke  of  6  inches,  a  3i-ineh 
cylinder,  and  l^ineh  suction  and  discharge  pipes.  Tin*  lift  was  about 
22  feet,  and  the  discharge  per  stroke  ^  gallon.  The  results  of  the  tests 
areas  follows: 

Results  of  tests  of  miU  No,  40 — S-foot  Fairbanks- Morne  steel  mill, 

[Load  per  stroke,  13  foot-poands.] 


Wind  velocity  per  hoar. 


Bevolntions 

of  wind  wheel 

per  minate. 


8  miles 

1:2  miles 

16  miles 

I    20  miles 


82.5 
55.0 
72.0 
85.0 


Strokes  of 
;>nmpi 
minni 


pnmp  per 
lie. 


^  miSote^  P^^^*-- 


13.0 
22.0 
29.0 
34.0 


0.8 
1.5 
1.9 
2.3 


0. 005 
0.009 
0.012 
0.014 


if  itt  No,  41. — ^This  is  a  12-foot  Woodmall^se  direct-stroke  iron  pump- 
ing mill,  used  for  pumping  water  for  stock.  The  tower  is  of  iron,  30 
feet  to  the  axis  of  the  wheel,  llie  pump  has  a  3-iiich  cylinder  and  6 
inches  stroke.  The  wind  wheel  has  24  curved  sails,  eacli  30  by  144  by 
7}  inches,  set  at  an  angle  of  31)*^  to  the  plane  of  the  wheel.  Th(»  lift 
^as  28  feet,  and  the  discharge  per  stroke  I  gallon.  Tlu*  results  of  the 
^te  are  as  follows : 


Results  of  tests  of  mill  No.  41 — 12-f(H)t  iron  Woodnuuise. 
[Load  per  stroke,  :5»  fi)<»t-iK)umlH.J 


^ind  Telocity  per  hour. 


Smiles 

1.2  miles 

1^6miles 

Smiles 


ReTolntions 

of  wind  wheel 

per  minute. 


I 


14 
25 
83 
40 


StrokeH  of 

pump  i)er 

minute. 


14 
25 
38 
40 


GalloDH 

pumptMl  per 

miQuto. 


1.7 
3.1 
4.1 
5.0 


Useful  bonHj- 
power. 


0.012 
0.022 
0.029 


A 
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^fil}  Xo.  4;'. — 'I'l>i»  i»  'I  C-foot  Ideal  iiumiiing  mill  oii  h  2i-fi>(rt  steel 
tower,  Jiiid  is  ust-d  for  puiiipiii);  wah'r  for  stock.  It  i«  sho«-niiiPl. 
XIII.  'J'lir  wlifel  lias  \-2  i-iirvcd  sjtils,  cai-h  Hi  liy  l+.J  by  'i  iiiohcs,  Mi^x 
a1  an  angle  of  :tli'  to  the  plaitetif  tho  whcH-1.  It  is  luMrk-geariHl,  4ti>  1  . 
The  well  is  Hil»;r  well;  d<>pth  to  watvr,  IS  feot.  The  pump  liaM  a  3-int;li 
cyliiidiT  and  fi  iriehes  stroke.  The  lift  was  IC  fe«I,  the  d!s(;luir};e  jm  -  r 
sti'oke  1  quart.     The  resullH  nf  the  It'sts  ai-o  as  follows; 


-/.«>/  Idnif. 


TIlis  in  the  sinalli'si  mill  \v\  tt-steil.     ll  is  ralhoi-  heavily  loailt'' 
its  size;  in  faf'l,  it   is  iimre  heavily  Iiiaile.l  than  the  ll'-foot  mill  >'"■ 
J.     It  is  doiiif!  \t>vy  ^'ood  work  for  a  will  of  Us  size. 
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Tho  results  of  the  tests  are  as  follows: 

BmuIU  of  tests  of  miU  No.  SS— 10-foot  Woodmanae, 
[Loftd  per  stroke,  178  foot-poands.] 


i     Wind  velocity  per  hour. 


Revolutions 
of  wind  wheel 
I  per  minute. 


I 

j      8  miles 

,    r2  miles 

;    15  miles 


8.7 
36.0 
51.2 


Strokes  of 

pump  i>er 

minute. 


3.5 
14.4 
30.5 


Ghdlons 

pumped  per 

mmnte. 


Ueef  ul  horse- , 
power. 


8.8 
13.5 
19.3 


0.030 
0.075 
0.110 


MiU  No.  Sf>. — ^This  is  an  8- foot  steel  Dempster  pumping  mill,  mau 
factured  by  the  Dempster  Manufa<*turing  Company,  of  Beatri< 
Nebraska,  and  is  shown  in  PI.  XII.  The  tower  is  of  steel,  30feet  toa? 
of  wheel.  The  wind  wheel  has  18  eurved  sails,  each  30^^  by  144  ^3 
inches,  set  at  an  angle  of  2T  to  the  plane  of  the  wheel.  It  is  bac 
geared,  3  to  1.  The  well  is  an  open  dug  well.  The  distance  from  t 
surface  of  the  ground  to  the  water  was  30  feet.  The  water  is  pump 
into  a  tank  22  feet  above  ground,  and  is  used  for  irrigation.  T 
pump  has  an  8-inch  stroke,  a  3i-inch  cylinder,  and  2-inch  snction  a 
discharge  pipes.  The  lift  was  b%  feet,  the  discharge  per  stroke  : 
quarts.  The  mean  temi)erature  was  51**  F.,  the  mean  barometric  pn 
sure  28. y  inches.     The  results  of  the  tests  are  as  follows: 


BestUtH  of  tests  of  mill  N<t,  .?5 — S-foot  steel  Dempster, 
LLoad  per  stroke,  H^lh  foot-pounds.] 


Revolutions  '    Strokes  of 
Wind  velocity  i>er  hour,      of  wind  wheel      pump  per 

I  per  minute.  I      minute. 


OaUoiis 

pumped  per 

mmnte. 


12  miles 
16  miles 
20  uiilee. 


57.6 
86.4 
99.9 


19.2 
28.8 
3:3.3 


Uaef  Hi  horse- 
power. 


5.3 
7.9 
9.2 


0.077 
0.116 
0.134 


In  a  l'j-iiiil<'  wind  Ihr  ]>uinp  luadi^  2«>  to  27  strokes  per  minute,  a 
when  the])uiiip  ihhI  was  un(*oiipled  from  the  pump  it  made  34  strol 
\H'V  minute  in  Ww  same  wind.  Fig.  21:  shows  the  number  of  strol 
IM^r  minute  for  <liflF(»rent  wind  vrhwilies.  This  mill  is  heav 
loaded — 13'{  f(M)t-x)<)unds  per  s1rok<'  of  pump.  It  starts  at  h  wj 
vel(Kfity  of  alMnit  !)  miU\s  an  hour,  and  as  the  wind  increases  ' 
nuinlMT  of  strokes  increases  rai)idly  at  first-,  then  more  slowly. 
25  mih^s  an  hour  the  nuinlMM-  of  strokes  is  37  jmm'  minute.  This  11 
is  l)jirek-g<»ared,  3  to  1,  so  that  in  a  25-iiiil(»  wind  the  wind  wheel  mal 
111  revolutions  per  minute  and  has  a  eireumferenee  velocity  of  4 
fe<*t  p«»r  s(»eond. 

MUl  XtK  riO. — This  is  a  224^-foot  Kelii)se  wooden  pumping  mill,  1 
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ng  water  into  a  tank  for  railroad  purposes.     The  t-ower  iw  of  woo<l,  52 

eet  to  the  axis  of  the  wheel.     The  win<l  wheel  has  130  plane  sails, 

ach  105  by  6  by  2  inches,  set  at  an  angle  of  39°  to  the  plane  of  the 

rheel.    It  works  by  direct 

troke.    The  well,  which  is 

pen,  is  20  feet  in  diameter; 

tie  depth  to  water  was  10 

i«t  from  the  surface  of  the 

round.      The  pump  is 

ouble-acting,    and    has    a 

J-ineh  cylinder,   7   inches 

rroke,  and  2-inch  suction 

Qd  discharge  pipes.     The 

ft  was  39  feet.    The  tank 

I  90  feet    from  the  well. 

lie  discharge  could  not  be 

measured,  but  as  the  pack- 

»g  of  the  pump  was  new  it 

as  approximately  equal  to 

nee  the    volume   of   the 

rlinder,  or  0.76  gallon  per  double  stroke.     The  mean  t<^mperature 

HS  58°  F.,  the  mean  barometric  pressui-e  29.43  inches.     The  results 

'  the  tests  are  as  follows: 

Eetntlts  of  tests  of  mill  No,  36 — 2S\'foot  tpooden  Eclipse, 
[Load  per  stroke,  ZiS  f oot-poundH.  ] 


ac 


40 

1 

311 

■  f 

/ 

► 

20 
10 

i 

(y 

^^ 

J 

/ 

« 

Fio.  34.— Comparativo  dia^aiu  showing  resultM  with 
mUlB  No.  35  (8-foot  Dempster)  and  No.  36  (2Si-foot 
Eclipse). 


Wind  velocity  per  hoar. 


8  miles 
12  miles 
16  miles 
20  miles 
2.5  miles 


Revolutions 

of  wind  wheel 

per  minute. 


Strokes  of 

pump  per 

miuuto. 


Gallons 

pumped  per 

minute. 


Useful  horse- 
power. 


I 


4.8 
12.0 
16.5 
20.0 
24.2 


4.8 

12.0 

16.5 

20.0 
oi  o 


3.8 

9.4 

12.8 

15.6 

18.8 


0.036 
0.090 
0.124 
0.150 
0. 182 


Pig.  24  shows  the  strokes  per  minute  at  (iilTeriMit  wind  velocities. 
le  diagram  is  seen  to  be  quite  different  from  that  of  mill  No.  35. 
le  mill  starts  at  a  wind  velocity  <>f  ^'>  or  ^  miles  an  hour,  and 
ureases  gradually'  to  24  strokes  in  a  2r)-mile  wind.  The  circumfer- 
ce  velocity  of  the  latter  is  40. 5  feet  ])er  sc^cond,  that  of  the  former 
feet.  The  wind  wheel  of  this  mill  is  making  24  revolutions  x)er 
nute;  that  of  No.  35  is  making  HI  revolutions  per  minute  in  a 
•mile  wind. 

MiU  No.  87. — This  is  a  12-foot  steel  Woodmanse  Mogul  like  that 
Dwn  in  fig.  4.  It  pumps  water  into  a  pressure  tank  9^  feet  by  2^  feet 
a  cellar  and  about  170  feet  f i-om  the  well.    The  pump  and  pressure 
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From  the  foregoing  table  it  will  be  soeii  that  mills  of  tho  saiiu*  sizi* 
differ  very  inucli  in  the  amount  of  iisofnl  work,  and  that  soinc^  of  th«.» 
larger  mills  are  doing  very  little  more  work  than  some  of  tlie  smalhT 
ones.  Nos.  4  and  18,  for  example,  are  the  same  size  and  make  (tlio 
wells,  however,  are  very  different),  but  the  lattcM-  is  doinji:  thn'o  or 
four  times  more  work  than  the  fonmM*.  Th<^  1'2-foot  mill,  X<>.  11,  is 
doing  nearly  as  much  useful  work  astlie  10-foot  mill.  No.  0,  and  tlinM* 
or  four  times  more  work  than  the  14-fool  mill,  No.  l-J,  whilc^  it  is<loinjjr 
300  per  cent  more  work  than  No.  21.  The  15^-foot  Jumbo  will  j>rol)- 
ably  do  little  more  work  during  the  season  than  a  jro<»d  S-f<M)t  mill. 

RELATION   BETWEEN   WIND   VELOCITY   AM)  STROKKS   OF   PUMP. 

Figs.  6,  10,  11,  12,  13,  15,  17,  18,  10,  and  21  .show  graplii(*ally  the 
relation  between  the  wind  velocity  (in  miles  per  hour)  and  the  strokes 
of  the  pump.  The  curves,  as  will  Ik*  noted,  dilTer  eonsid«'rably:  hut 
with  the  exception  of  fig.  10,  for  mill  No.  20,  they  agree  in  that  they 
rise  rapidly,  reaching  the  highest  point  at  wind  velocities  of  from  13 
to  10  miles.  From  that  point  they  descend  slowly.  Thoy  dilTor  much 
in  the  position  of  the  beginning  of  the  curve,  or  the  vcdocity  n^iuired 
to  start  the  mill.  Some  will  run  in  an  8-mile  wind,  while*  others  rcMiuire 
a  10-mile  or  a  12-mile  wind  to  start  them.  Some  rise  less  rapidly  than 
others,  a  notable  case  being  mill  No.  11.  Some  d<»sccnd  much  more 
rapidly  than  others  after  reaching  the  highest  point.  Tliis  is  especially 
true  of  the  8-foot  Ideals.  Mill  No.  20  required  a  14-mile  wind  to  start 
it,  and  does  not  appear  to  have  a  maximum.  The  shape  of  the  curve, 
specially  the  position  of  it«  initial  point,  is  due  to  the  loa<l  on  the 
pump,  or  the  number  of  foot-pounds  per  stroke*.  An  increase  in  the 
load  moves  the  curve  to  the  right  an<l  raises  it  higher.  This  will  l)e 
more  clearly  shown  in  Part  II  (see  discussion  on  12-foot  ])ower  mill  No. 
27,pp.  8G-80).  The  height  ami  i)osition  of  the  highest  point  d<»p(ind 
on  the  tension  of  the  spring,  or  the  weight  whi<*h  holds  the*  mill  in  the 
^ind.  The  greater  the  tensicm  the  high(»r  the  summit  an<l  the  farther 
It  w  to  the  right;  the  less  the  tcMision  in  the  si)riiig  the  stec^perthe 
descent  from  the  highest  point.  The  gearing — i.  e.,  the  mechanism 
^hich  causes  the  pump  to  make  a  sti'oki*  to  (»ach  revolution  of  the 
^heel,  or  a  stroke  every  second  or  third  revolution  only — moditiesthe 
cur\'e.  In  mills  with  a  direct  stroke  tln'  <*urve  is  much  highi^r  and 
18  farther  to  the  right  than  in  back-geannl  mills,  as  shown  by  a  com- 
parison of  the  curves  of  mills  Nos.  :>  and  21,  shown  in  figs.  10  and  2L 

USEFUL  WORK   OF   PrMIMNCt    MH.LS. 

The  relation  between  wind  velocity  and  horsepower  is  shown  graph- 
ically, for  five  12-foot  mills  in  fig.  :50,  and  for  four  8-foot  mills  in  fig. 
•^1-  Examining  the  five  curves  of  fig.  30,. we  set*  that  No.  II,  tlie  one 
^nieh  gives  the  greatest  horsepower,  lias  tlie  heaviest  load  and 
'Quires  the  greatest  wind  velocity  to  start  it.  No.  2  lvay»  w.bov\\» 
IRR  41—01 5 
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of  about  30  miles  an  hour.  These  maximum  i)oiiits  are  points  of 
fttest  speed,  and  are  produced  by  a  reduction  of  wind  area,  the  wind 
)el  turning  out  of  the  wind.  This  make  of  mill  is  seen  to  ''^ov- 
,*•  or  turn  out  of  the  wind,  at  a  lower  velocity  than  other  makes. 
!omi>aring  the  curves  in  fig.  31,  we  see  that  the  pump  doing  the 
Bt  work  at  high  wind  velocities  is  No.  5,  which  is  also  the  on*.- 
Bt  heavily  loaded.  The  principal  differences  ])etween  Nos.  4  and 
the  pumps  doing  the  most  and  the  least  work  for  velocities  less 
m  22  miles  an  hour,  are  in  the  load  and  the  well.  No.  -4  has  five- 
iths  of  the  load  of  No.  18,  and  is  on  a  well  point.  The  two  pumps 
Ing  the  least  work  are  on  well  points. 


111 

VEIiOCITT  OF  WIND  IN  MTLEB  PER  HOUR. 
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31.— Diajprani    showitif?  relation  lH.*tvv€»en  h«>i><»j»n\v.T  and  win<l  vrli>city  fdr  four  H-foot 

mills. 


tfiU  No.  25  is  used  to  pumj)  water  for  stock.  ("onipariii<j:  it  with, 
',  No.  5,  we  find  that  its  load  is  about  fivc-niiitlis  as  irn^at,  and  that 
»  doing  alK)ut  one-tenth  as  nuKjli  work  as  Ihe  latter.  It  will  start 
h  a  wind  velocity  of  about  <>  miles  an  houi-,  while  the  latter  requires 
'ind  velocity  of  about  S.5  miles  an  hour. 

t  is  interesting  to  compart*  the  results  of  Xos.  '^5  and  M\.  The 
mer  is  an  8-foot  back-geared  st(Md  mill,  heavily  loadiMl;  the  latter  is 
2.5-foot  direct-stroke  mill,  lightly  loade(l.  Th(»  wind  exposure  of 
his  very  good.  The  discharge  per  .stroke  of  No.  Wh  is  1.1  quarts, 
tof  No.  36  about  3  quarts.  The  lift  of  the  former  is  58  fe(»t,  the  lift 
;he  latter  39  feet.  The  load  jx^r  stroke  of  the  former  is  133  foot- 
nds,  that  of  the  latter  248  foot-pounds.     No.  35  staT\;a  m  a\y^\\v  ^ 
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9-mile  wind,  No.  30  in  a  G-mile  wind.  In  an  8-mile  wind  the  former 
is  doing  no  work,  the  latter  is  making  4.8  strokes  per  minute;  but  in 
a  12-mile  wind  the  former  is  making  10  strokes  per  minute,  the  latter 
only  12;  for  all  higher  velocities  the  former  is  making  60  per  cent 
more  strokes  than  the  latter.  For  wind  velocities  above  12  miles  an 
hour  the  horsepower  of  the  22.5-foot  mill  is  only  from  7  to  17  percent 
greater  than  that  of  the  8-foot  mill.  The  difference  is  really  not  so 
gi*eat  as  this,  as  the  actual  discharge  is  not  so  great  as  we  have 
supposed. 

PRESSURE-TANK  SYSTEM. 

Mill  No.  37  is  of  special  interest,  in  that  the  water  is  forced  into  a 
pressure  tank  instead  of  into  an  elevated  tank.  This  system  is  said 
to  }Mi  in  use  to  some  extent  in  the  Eastern  Stat^is,  and  is  just  coming 
into  use  in  the  West.  Tlie  advantage  claimed  for  it  is  that  the  tank 
can  be  placed  in  a  cellar  or  under  ground,  where  it  will  not  freeze, 
instead  of  on  an  elevated  structure.  A  hydraulic  regulator  is  used, 
wliicli  causes  the  mill  to  turn  out  of  the  wind  when  the  pressure  iu 
the  tank  reaches  a  certain  amount.  In  this  case  the  tank,  which  h 
located  in  a  cellar,  is  2  feet  in  diameter  and  0.5  feet  long;  it  is  about 
170  feet  from  the  well  and  about  43  feet  above  the  surface  of  ihi 
water  in  the  well.  The  discharge  (1.05  quarts  per  stroke)  is  pumpec 
into  the  tank,  then  forced  by  the  confined  air  through  a  1-inch  ii-oi 
pipe  to  th(»  hydrants,  then  through  a  line  of  rubber  hose  to  the  desired 
point.  The  pressure  in  the  tank  diminishes  with  the  reduction  in  th( 
quantity  of  water  in  it.     For  different  volumes  of  air  it  is  as  follows 

Premurc's  in  tank  for  different  volume's  of  air. 


Air  v«>lumo. 

Pnisaare. 

JJarrelH. 

P<mnds. 

11.1 

0 

5.6 

14.7 

8.  7 

29.4 

2.8 

44.1 

2.2 

58.  S 

1.9 

73.5 

1.6 

88.2 

1.4 

103.0 

The  objection  to  this  system  can  cfisily  be  seen  from  this  table 
When  the  pressure  is  103  pounds  per  square  inch  the  withdrawa 
of  0.2  barrel  of  water  from  the  tank  lowers  the  pressure  to  88.: 
pounds,  and  the  withdrawal  of  an  additional  0.3  barrel  Towers  tht 
pressure  to  73.5  pounds;  in  other  words,  the  withdrawal  of  a  half  bar 
rel  of  water  when  the  x)i*essure  is  103  pounds  lowers  the  pressure  3< 
pounds.  We  found,  on  trial,  that  when  the  pump  was  not  workinj 
(no  wind),  and  the  pressure  was  at  51>  pounds,  one  hose  stream  througl 
a  iV-inch  nozzle  reducetl  the  pressure  to  50  pounds  in  one  minute  an< 
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to  45  pounds  in  two  minutes.  In  seven  minut<^s  it  M\  to  30  pounds, 
and  in  seventeen  minutes  from  the  time  of  opening  tlie  cook  it  foil  to 
20  pounds.  In  a  20-mile  to  30-mile  wind,  and  with  one  host*  stivani 
running,  the  pump  kept  the  x>ressure  in  tho  tank  at  about  3n  i>ounds. 
Where  only  a  small  amount  of  water  is  needed  at  a  linio  this  system 
will  probably  give  satisfaction.  By  the  use  of  a  larger  tank  more 
water  can  be  obtained  for  a  given  n*d notion  of  pivssun*. 

It  will  l>e  noticed  that  this  is  the  same  size  an<l  niako  of  mill  as  No. 
2,  but  that  it  is  altogether  different  from  No.  41 .  No.  -2  is  more  hoavily 
loaded  than  No.  37.  The  heaviest  load  on  No.  37  is  472  foot-pounds 
per  stroke  of  pump;  the  heaviest  load  on  No.  J  is  i^'M  foot-poiin<ls  per 
stroke.  No.  2  is  doing  the  most  useful  work,  but  tho  hydraulic  r<»<ru- 
laloraets  on  No.  37  to  turn  it  partly  out  of  tin*  wind  for  tho  loa<l  43 
plus  75  pounds.  No.  41  is  doing  very  littlo  work,  but  it  is  lightly 
loade<l  and  working  direct  stroke. 

COMPARISON  OF  TIIRKE   Pl'MPINU    AKHMOTOKS. 

Comparing  the  IG-foot  Aermotor  No.  t»,  tin*  12-foot  Aorniotor  No.  3, 
ami  the  8-foot  Aermotor  No.  5,  a  diagram  was  plotted  of  tlu'  horsi'- 
powerof  these  three  mills,  drawn  to  tho  same  scale.  Tlioy  wt^rc  found 
to  start  at  alK>ut  the  same  wind  velocity,  viz,  7  niilos  an  liour,  which 
indicates  about  the  same  total  load.  In  a  2.*)-niilc  wind  the  s-foot 
mill  was  found  to  be  yielding  0.1  horsopow<M-,  tho  12-foot  mill  0.20 
horseiK)wer,  and  the  16- foot  mill  0.0  horsopowor.  In  otlior  words, 
the  12-foot  mill  was  doing  about  three  times  and  tho  l(>-foot  mill 
alKnitsix  times  more  work  than  tho  S-foot  mill.  1'ho  conohision  can 
not  be  drawn  from  this  that  the  i)owors  of  tin*  mills  aro  to  each  other 
in  these  ratios,  since  the  pump  oflioi<Mici<»s  are  not  the  same. 

USEFUL   WORK   OF  TWO   PUMPINCf   MILLS    LN    A    (JlVKN    TIMK. 

Tho  useful  work  which  two  pum[)in^  mills  of  the  same  wiml  area, 
<'Xj)<)siii-o,  jmmp  efllcienoy,  and  general  character  will  do  depends 
on  the  load  on  the  mill  and  th<»  wind  velocit\.  If  the  mill  is  heavilv 
loadnl  it  will  do  moi'e  work  at  wiml  velocities  of  12  or  more  miles 
Hn  hour  an<l  less  work  at  lower  velocities  than  one  (jf  lighter  loa<l. 
The  useful  Avork  done  in  a  giv<'n  time  is  the  pi-oiluct  of  the  work 
<lone  \)er  hour  at  the  mean  velocity  multiplied  ]>y  the  number  of 
hours.  If  the  mean  velocity  at  a  triven  [)la<*e  is  low,  the  mill  load 
niiist  Ih*  less  for  maximum  work  than  tJLit  at  a  ])lace  where  the  moan 
velocity  is  higher.  To  illustrate  this  fact,  we  will  use  tluM-esults  of 
the  tests  of  two  12-foot  pumpini;  mills — No.  11,  lieavily  loa<led  and 
giving  a  greater  horsepower  at  high  wind  velocities  than  any  otluM* 
niill  tested,  and  No.  3,  giving  the  greatest  i)ower  at  low  velocities. 
The  useful  work  per  stroke  of  pump  is  M4:  foot-pounds  for  No.  Jl 
and  415  foot-pounds  for  No.  ll.  Tho  useless  work  of  th<»  formcM*  is 
sn^Hter  than  *hat  of  ihe  latter,  since  tho  i>ump  of  tho  former  is  on 
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two  well  points,  while  the  pump  of  the  latter  is  in  an  open  well.  Th 
relation  between  the  horsepower  and  the  wind  velocity  is  shown  i 
fig.  30.  The  curves  are  seen  to  cross  each  other  at  a  wind  velocity  c 
12.5  miles  an  hour.  For  less  velocities  than  that  No.  3  is  doing  mor 
work  per  hour  than  No.  11,  and  for  greater  velocities  No.  11  is  doin 
more  work  than  No.  3.  If  the  velocity  were,  say,  not  more  than  1 
miles  an  hour,  it  is  very  evident  that  mill  No.  3  would  do  more  wor 
in  a  given  time  than  mill  No.  11. 

There  is  no  record  of  wind  movement  at  Garden,  Kansas  (where  mo« 
of  these  tests  of  pumping  mills  were  made),  for  any  considerable  lengt 
of  time.  There  is  one,  however,  for  Dodge,  50  miles  east  of  Gardei 
kept  by  the  United  States  Weather  Bureau,  which  may  l)e  used  fo 
this  purpose.  The  following  table  gives  the  number  of  hours  p€ 
month  for  the  six  months  April  to  September,  for  the  years  1889  t 
1895,  inclusive,  when  the  wind  movement  was,  respectively,  0  to  5, 6  t 
10,  11  to  15,  16  to  20,  21  to  25,  26  to  30,  31  and  more  miles  per  hour. 

Mean  wirid  movement  at  Dodge,  Kansas,  for  the  seven  jfears  1889  to  1895. 


Month. 


April 

May 

June    

July 

August 

September . 

Mean    . 


0-6 
miles. 


Hour». 
116 
116 
120 
144 
178 
166 


140 


*-10 

11-15 

16-20 

21-25 

3»-«) 

31  and 

miles. 

miles. 

miles. 

miles. 

miles. 

greater. 

Hours. 

Hours. 

Hours. 

Hours. 

Hours. 

Hours. 

175 

157 

113 

76 

43 

40 

195 

168 

120 

74 

89 

32 

187 

139 

111 

86 

49 

28 

218 

176 

117 

57 

23 

9 

230 

152 

99 

62 

18 

5 

182 

152 

93 

75 

34 

18 

198 

157 

109 

72 

34 

22 

It  will  l)o  seen  from  this  table  that  the  wind  velocity  at  Dodge  is 
miles  or  less  per  hour  for  140  hours  i)er  month.  During  this  tin 
neither  of  these  mills  (Nos.  3  and  11)  will  do  any  work,  as  neith< 
will  start  in  a  5-mile  wind. 

The  velocity  is  from  G  to  10  miles  an  hour  for  198  hours  a  montl 
Mill  No.  3  will  start  in  about  a  7-inile  wind,  and  hence  will  run  aboi 
four-fifths  of  this  lime,  or  158  hours.  No.  11  requires  11.5  miles  c 
wind  to  start  it,  and  will  do  no  work  during  this  time. 

Tli<»  velocity  is  1 1  to  15  miles  an  hour  for  157  liours  during  the  montt 
No.  3  will  work  all  of  this  tiiu(»,  and  No.  11  about  nine-tenths  of  th 
time,  or  141  liours. 

Both  mills  will  run  at  all  higher  velocities.     At  Dodge,  mill  No. 
will  run  (if  in  tlii*  wind)  about  75  per  cent  of  the  time,  and  No.  1 
about  51  [)er  cent  of  the  time.     For  convenience,   these  results  hav 
been  tabulated. 
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Comparative  results  of  testa  of  two  pumping  mills. 


icni  No.  a 


Wind  velocities 
mitofl  per  lioar. 


etc  10 

11  to  15 

16  to  20 

21  to  25 

26to30 

31  and  greater 


Total 


Hoars  per 
moDth. 


158 

157 

109 

72 

34 

22 


Horse- 
power. 


Product. 


0.067 
0.168 
0.230 
0.277 
0.308 
0.320 


10.6 
26.4 
25.1 
10.9 
10.5 
7.0 


Mill  Nail. 


Hours  per 
month. 


Horse- 
power. 


Pr<Hlui*t. 


0 

0.00 

0.0 

141 

0.19 

26.8 

109 

0.40 

43.6 

72 

0.56 

40.3 

34 

o.6:j 

21.4 

22 

0.64 

14.1 

99.5 


14(J. 


•> 


The  second  and  fifth  columns  in  thiH  table  give  the  nuiulj<M'  of  lioiirs 
during  the  mean  month  that  eaeli  mill  will  run  witli  a  wind  velocity 
of  fn)ni  6  to  10  miles  an  hour.  The  third  and  sixth  colunins  jjfive  the 
horsepower  for  the  mean  velocity;  for  example,  o. ios  is  the  horse- 
power for  No.  3  at  a  wind  velocity  of  Ki  miles  an  hour,  and  0.1!>  is  the 
horsepower  for  No.  11  at  the  same  velocity.  The  fourth  and  seventh 
columns  (the  product  of  the  number  of  hours  and  the  horsepowt^r) 
give  the  horsepower  that  each  mill  will  yiehi  during  the  month.  It 
will  be  seen  that  No.  11  is  doing  31  per  cent  more  useful  work  than 
No.  3.  If  this  comparison  be  made  for  the  month  of  August,  it  will 
he  found  that  No.  11  will  do  20  percent  more  usc^ful  work  during  that 
month  than  No.  3. 

PROPER   Lr)Al). 

It  will  be  seen  from  what  has  just  i)receded,  that  the  useful  i)ow(»r 
of  a  pumping  mill  depends  to  a  great  extent  on  its  load.  If  the  water 
is  needed  const^intly  and  there  is  litth*  or  no  storage,  as  in  the  cas(»  of 
Water  for  stock,  the  mill  must  be  lightly  loaded,  and  the  iisefnl  work 
it  will  do  is  small.  If,  however,  there  is  plenty  of  storagts  tin' mill 
will  pump  the  largest  amount  of  water  if  heavily  loadecl.  If  there 
were  some  automatic  device  for  increasing  the  load  on  the  mill  as  the 
wind  velocity  increases,  the  i)robl(Mn  of  [)i-()pei-  load  would  be  solved. 
But  such  a  device  seems  difficult  to  (*onstrtict. 

The  following  table  gives  data  for  back-geared  steel  irrigating  mill 
^n(l  ir(,0(|  punips  for  use  in  llu*  semiarid  regions  of  tlie  West,  esp(»cially 
^or  Kansas  and  Nebraska. 

Data  regarding  mills  <(n(l  j)unip.^  f<>r  use  in  srundritl  n-tjions. 
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For  half  this  lift,  or  15  feet,  the  cylinder  capacity  should  be  nearly 
doubled,  aii<l  for  double  the  lift  the  cylinder  capacity  shonld  be  about 
half  that  given  in  the  table. 

In  Part  II  of  this  pai)er,  published  as  Water-Supply  and  Irrigation 
Paper  No.  42,  will  be  found  a  discussion  of  the  writer's  experiments 
with  powi^r  mills,  a  comparison  of  pumping  mills  with  power  mills,  a 
discussion  of  the  effet*t  of  tension  of  spring  on  the  horsepower  of 
mills,  a  mathematical  discussion  of  the  tests  of  two  Aermotors,  a  dis- 
cussion of  the  action  of  air  on  the  sail  of  an  Aermotor,  a  discussion 
of  the  useful  work  of  two  power  mills  in  a  given  time,  discussions  of 
the  result^s  of  tests  of  a  Jumbo  mill  and  of  a  Little  Giant  mill,  a  com- 
parison of  the  Little  Giant  and  Jumbo  mills,  a  comparison  of  the 
Little  (riant  mill  and  the  8-foot  Aermotor,  a  discussion  of  the  indi- 
cated and  true  velocities  of  windmills,  a  comparison  of  the  writer's 
experiments  with  those  of  other  experimenters,  and  economic  consid- 
erat  icms. 

[For  index  see  end  of  Part  II,  Water-Supply  Paper  No.  42.] 

O 


DEPAKTMKNT    OF    THK    INTEKIOK 


WATER-SUIM'LY 


.^RIGAT 1  ON    PA  1  ^EiJ S 


UNITED  STATES  GEOUXilCAL  SIRVEY 


No.  4-- 


WASHINCTOK 
OOVBKA'MBNT    PRZNTINU    OKFICE 

To  01 


■k: 


UNITED   STATES  G^OLOGIOAI-   SURVEY 

OHAKLKS  U.  WAUXITT.  DIKECTOK 


'HE  WINDMILL; 


ITS  EFFICIKNCY  AND  KCONOMIC  LSE 


P^RT    II 


Bv    EDWARD    CIIAKLES   MUKI'IIY 


WASHINGTON 

GOVERNMENT    PRINTING    OFFICE 

1901 


CONTENTS. 


l*age. 

Letter  of  traDsmittal 81 

Ezperiments  by  writer — Continaed 83 

Power  mills     ...  83 

Method  of  testing 84 

Millfl  tested. 86 

Comparison  of  power  mills 102 

Comi)arisoii  of  pumping  mills  with  power  mills 107 

Effect  of  tension  of  spring  on  speed  and  horsepower  of  mill .  110 

Mathematical  discussion  of  tests  of  two  Aermotors 110 

Action  of  air  on  the  sail  of  an  Aermotor 117 

Useful  work  of  two  power  mills  in  a  given  time 118 

Mathematical  discussion  of  tests  of  Jumbo  mill  No.  55 119 

Relation  between  wind  velocity  and  circumference  velocity  of 

wheel    • 122 

Mathematical  discussion  of  tests  of  Little  Giant  mill  No.  56. 125 

Ck>mparison  of  Little  Giant  and  Jumbo  mills . .   127 

Comjiarison  of  Little  Giant  and  8-foot  Aermotor 128 

Indicated  and  true  velocities   131 

'omparison  of  writer's  experiments  with  those  of  others 135 

loonomic  considerations 141 

adex  to  Pax>ers  41  and  42 145 

77 


ILLUSTRATIONS. 


Page. 

ATE  XV.  View  of  mill  No.  44— 16-foot  Aermotor .  94 

XVI.  .4,  View  of  mill  No.  57— 24.foot  Little  Giant;  B,  View  of  mill 

No.  55— 7.75-foot  Jumbo 120 

».  32.  Working  parts  of  mill  No.  26— 14-foot  Perkins 85 

33.  Working  parts  of  mill  No.  27— 12-foot  Aermotor 87 

34.  Foot  gear  of  mill  No.  27 88 

35.  Diagram  showing  revolutions  of  wind  wheel  of  mill  No.  27 88 

36.  Viewof  mill  No.  28-16-foot  wooden  Althouse     .   90 

37.  Diagram  showing  revolutions  of  wind  wheel  of  mill  No.  2H .  91 

38.  Diagpram  showing  horsepower  of  mill  No.  28 91 

39.  EHagpram  showing  revolutions  of  wind  wheel  of  mill  No.  29 — 16-foot 

Aermotor 92 

40.  Diagram  showing  revolutions  of  wind  wheel  of  mill  No.  34 —  14- foot 

Junior  Ideal 93 

41.  Diagram  showing  horsepower  of  mill  No.  34 94 

42.  Diagram  showing  revolutions  of  wind  wheel  of  mill  No.  44 — 16-foot 

Aermotor 94 

43.  Diagram  showing  horsepower  of  mill  No.  44     95 

44.  Diagram  showing  revolutions  of  wind  wheel  of  mill  No.  49^22^ 

footHalliday    96 

45.  Diagram  showing  horsepower  of  mill  N  o.  49 96 

46.  View  of  mill  No.  50— 12-foot  Monitor 97 

47.  Swivel  gearing  of  mill  No.  50 97 

48.  Diagram  showing  revolutions  of  wind  wheel  of  mill  No.  50 98 

49.  Diagram  showing  horsepower  of  mill  No.  50 98 

50.  View  of  mill  No.  52— 1 4-foot  Challenge 99 

51.  Diagram  showing  revolutions  of  wind  wheel  of  mill  No.  52 100 

52.  Diagram  sh'owing  horsepower  of  mill  No.  5'2 . . . 100 

53.  Diagram  showing  revolutions  of  wind  wheel  of  mill  No.  5:i — 12-foot 

Ideal 101 

54.  Diagram  showing  horsepower  of  mill  No.  ")JJ . .     101 

55.  Comparative  diagram  of  revolutions  of  wind  wheels  of  mills  Nos. 

50.53,and2T  105 

56.  Comparative  diagram  of  horsepower  of  mills  Nos.  50,  5li,  and  27  . .  107 

57.  Diagram  showing  effect  of  tension  of  spring  of  mill  No.  44 — 16- foot 

Aermotor      110 

58.  Sail  of  16-foot  Aermotor.. 117 

59.  Outer  end  of  sail  of  16-foot  Aermotor. 117 

60.  Inner  end  of  sail  of  16-foot  Aermotor 118 

61.  Diagram  showing  revolutions  of  wind  wheel  of  mill  No,  55 — 7.75- 

foot  Jumbo V^^ 

1^ 


80  ILLUSTRATIONS. 

Pi 
Fig.  63.  Diagram  showing  revolntions  of  wind  wheel  of  mill  No.  55 

63.  Diagram  showing  horsepower  of  mill  No.  -m 

64.  Diagram  showing  revolntions  of  wind  wheel  of  mill  No.  56— 4.67- 

foot  Little  Giant  

65.  Diagram  showing  horsepower  of  mill  No.  56 

60.  Diagram  showing  action  of  wind  on  sails  of  mill  No.  56.     

67.  Two  views  of  anemometer  and  cups   

68.  Diagrammatic  section  of  anemometer  cupe 

69.  Diagram  showing  horsepower  of  mill  No.  27 — 12-foot  Aermotor 

70.  Diagram  showing  horsepower  of  two  16-foot  Aermotors 


1 


LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  IIydrocjraphy, 

Washington,  JanuarAj  H,  1901. 

Sir  :  I  have  the  honor  to  transmit  herewith  a  inanuscript  entitled 
The  Windmill:  Its  Efficiency  and  Economic  Use,  Part  II,  by  Edward 
Charlos  Murphy,  formerly  professor  of  civil  enj^ineering  in  the  Uni- 
versity of  Kansas,  and  to  request  that  it  be  published  in  the  series  of 
Wat^r-Supply  and  Irrigation  Papere. 

T^is  manuscript  is  a  continuation  of  the  material  published  as  Paper 

^0. 41,  it  being  necessary  to  divide  the  manuscript  on  account  of  the 

limita,tion  imposed  by  law  of  1(X)  printed  pages  for  each  pamphlet. 

Very  respectfully, 

F.  II.  Newell, 

HydrogrdpJier  in  Charge. 

JI^i\.  Charles  D.  Walcott, 

Director  United  States  Geological  Suriu  g. 

Ml 


THE  WINDMILL:  ITS  EFFICIENCY  AND  ECONOMIC  K 

PART  II. 


By  Edward  Charles  Murphy. 


EXPERIMENTS  BY  WRITER— CONTIXUED. 

In  Part  I  of  this  paper,  published  as  Water-Supply  and  IiTigation 
I^aper  No.  41,  will  be  found  a  classification  of  windmills,  a  discussion 
^f  regulating  devices,  a  synopsis  of  early  experiments  with  windmills, 
and  a  discussion  of  the  writer's  experiments  with  pumping  mills. 
This  part  (II)  of  the  paper  contains  the  results  of  the  writer's  experi- 
Oients  with  power  mills,  a  comparison  of  pumping  mills  with  power 
^ills,  and  discussions  of  various  facts  developed  by  the  tests,  together 
^ith  a  comparison  of  the  writer's  experiments  with  those  of  other 
experimenters,  and  the  economic  considerations  of  the  subject. 

POWER  MILLS. 

The  power  mill  differs  essentially  from  the  pumping  mill  in  that  the 

^titer  gives  a  reciprocating  motion  to  a  pump  piston,  while  the  for- 

n^^r  gives  a  rotary  motion  to  a  vertical  shaft,  and  this,  in  turn,  to  a 

*^c>inzontal  shaft,  which  drives  the  grinder  or  other  mac^hine.     The 

^^chanism  by  which  this  is  accomplished  in  the  Aermotor  is  shown 

^^     figs.  33  and  34.     The  small  plane  cogwheel  makes  three  revolu- 

tions  to  one  revolution  of  the  wind  wheel,  and  the  small  beveled  cog- 

^^t^eel  makes  two  revolutions  to  one  revolution  of  the  small  plane 

^V^eel;  so  that  the  vertical  shaft  makes  six  revolutions  to  one  revolu- 

*^*^>nof  the  wind  wheel;  or,  as  we  say,  the  shaft  is  geared  forward  6 

to    I     rpi^^  1^^^  beveled  cogwheels  of  the  foot  gc^ir  (fig.  34)  change  the 

'^-^^tion  around  a  vertical  axis  to  a  motion  around  a  horizontal  axis 

^^^ithout  changing  the  rate  of  speed.     In  fig.  7,  Part  I,  which  shows 

^^  pumping  mill,  it  will  be  seen  that  the  largi*  cogwheel  which  gives 

*^e  up-and-down  motion  to  the  piston  makes  one  revolution  to  each  3.3 

^^"^ volutions  of  the  wind  wheel,  or  tliat  the  pump  is  geared  back  3.3  to  1 ; 

that  the  vertical  shaft  of  a  pow^^'r  mill  makes  twenty  revolutions  to 

e  stroke  of  a  pump  worked  by  a  pumi)ing  mill  the  wind  wheel  of 

^"liich  is  running  at  the  sumo  rate  as  that  ot  the  poN^^T  wvvW.    ^^\v^ 
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term  "  j^earod  mill"  is  sometimes  applienl  to  power  mills,  but  inappro- 
priately, siiuM^  the  pumping  mill  also  is  geared.  The  latt^ir  is  geared 
back,  the  former  is  geared  forward. 

Power  mills  are  heavier  than  pumi)ing  mills.     They  ordinarily  do 
more  work  and  carry  heavier  lomls  than  the  latter.     The  load  on  the 
pumping  mill  is  C(mst4int  for  all  wind  velocities,  but  it  may  be  varied 
in  the  power  mill.     The  grinder  is  made  so  that  as  the  speed  increases 
the  quantity  of  corn  which  enters  increases,  and  thus  the  load  an^ 
work  done  aix>  increased.     The  mill  is  expected  to  do  three  or  fotir 
kinds  of  work — for  example,  pump  water,  shell  and  grind  corn,  »ti^ 
turn  a  gi'indstone.     In  a  light  wind  the  pump  only  can  be  worked^ 
but  as  the  wind  increases  one  after  another  of  the  three  other  machii*^^ 
can  be  set  at  work,  and  thus  the  load  be  suited  to  the  velocity  of  tt^^ 
wind  and  the  mill  be  made  to  do  the  maximum  amount  of  work.    PoW^^^ 
mills  are  not  made  smaller  than  12  feet  in  diameter,  for  the  rea^ 
that  a  small  size  will  not  give  j)Ower  enough  to  be  of  account  exc^ 
for  pumping.     The  ordinary  steel  power  mills  ai'e  12  feet,  14  feet,  a^'  ^ 
10  feet  in  diameter. 

The  j)owcr  that  a  windmill  is  capable  of  developing  can  be  det^^ 
mined  Ix^tter  from  a  power  mill  than  from  a  pumping  mill,  becau^^ 
the  efficiency  of  the  pumj) — which  may  be  anywhere  from  20  to  85  pei^ 
cent — is  eliminated,  and  because  the  load  on  the  mill  can  be  varied  &tr^ 
will,  and  thus  the  effect  of  the  load  on  the  powtisr  of  the  mill  be  deter- 
mined for  different  wind  velocities. 

METHOD   OF  TESTENG. 

The  power  was  measured  by  the  use  of  a  Prony  friction  brake  placed 
on  an  iron  pullej"  on  the  foot  gear  or  horizontal  shaft.  Tlie  brake 
was  of  wood,  and  had  an  arm  3  or  -i  feet  long.  Near  the  end  of  this 
arm  was  fast(?ned  a  spring  balance  reading  to  quarters  of  a  pound. 
By  turning  the  nuts  on  the  brake  the  spring  balance  could  be  made 
to  read  any  desired  amount.  As  the  brake  on  the  pulley  was  tight- 
ened, the  reading  of  the  spring  balance  was  increased  and  the  num- 
ber of  revolutions  of  the  shaft  decreased.  The  brake  is  sliown  in  PL 
XV. ,  The  speed  of  the  shaft  was  found  in  one  of  three  ways — which- 
ever was  most  convenient.  A  small  electric  device  was  used  when- 
ever it  could  convenientlv  be  attached  to  the  wind  wheel.  The  clicks 
of  this  instrument  couhl  easily  be  counted,  and  gave  the  number  of 
revolutions  of  tlie  wind  wheel  for  each  lialf  mile  of  wind  movement. 
A  speed  counter  was  used,  but  did  not  prove  satisfactory.  Whenever 
the  electric  device  could  not  conveniently  be  employed,  the  number 
of  revolutions  of  the  wind  wheel  was  found  by  counting  the  revolu- 
tions of  a  mark  on  the  wind  wheel  as  reflected  in  a  mirror  con- 
veniently pla(?ed. 

To  illustrate:  If  ii  is  the  numl)er  of  revolutions  x)er  minute  of  the 
brnke  pulley  as  found  from  the  revolutumn  ot  \\ni  vf md 'vVv^j^l  per 
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lulf  mil«  of  wind,  L  the  loiul  in  pounds  hh  ivud  from  the  Hpriiij;  liiil- 
ancf,  nnd  if  the  len;rtli  of  the  arm,  then  the  iisi>ful  wiirk.  in  foot- 
pounds per  minute,  is — W  =  '2n  Rii  L,  Hiid  the  horseiwwer  is — \l.  V. 
=  iir  Ru  L^  ;«,(H«). 

The  number  of  revolutions  per  minute  of  wind  whe<'I  was  found  for 
eaeh  mill  for  from  two  to  sis  different  brake  loads,  for  winil  velocities 
as  amall  as  would  keep  the  mill  working  for  the  pnrtieulnr  loiwl  used 


Tip  to  about  25  miles  an  hour.  That  i».  the  n'a'liii;;  of  lln'  spring  hal- 
aneewas  kept  as  nearly  ciHi^laiil  lis  in)ssil)Ic  iintil  we  Jiad  nlitaiiied 
points  and  a  curve  like  that  shown  in  lij;.  H».  Then  llie  load  was 
«hanged  and  the  t*?sts  eontimied  in  the  same  way,  frcninjr  another 
car\-6.  From  these  curves  tin-  riumiier  itf  ri-volul  ions  of  wind  wheel 
per  minute  for  different  loads  anil  wind  velocities  was  easily  found, 
*«  before  indicated.  These  are  ^iven  iu  the  table  of  results^  fw  ww\\ 
ittiUt«eted,  and  in  ujauj' rases  are  also  shown  byd'iagvam.    'V\\*i  Votae- 
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p(>w<>r  of  any  mill  for  dilTcreiit  loiiilft  and  velocities  is  easily  fouii<l  b 
the  fori'p>in|^  foruiulH.  TImso  ai-e  j^iven  in  the  tables  of  resalts< 
testa,  and  are  also  »liowii  by  diH(;ram!i. 

MIIAiK  TE8TBD. 

Mill  No.  2ti. — This  is  a  1-1-foot  Perkins  8t«el  power  mill  on  a  40-fc 
steel  tower,  made  by  the  Perkins  Windmill  Company,  of  Misbawal 
Indiana.  The  working  partH  an^  shown  in  flg,  32,  The  wind  wheel  I 
32  curved  sails,  each  41  by  14.25  by  7.7fi  inches,  set  at  an  angle  of  : 
with  th<.'  plane  of  the  wheel.  The  shaft  is  geared  forward  0  to 
Tht-  radius  of  the  brake  pullej'  was  .5  inches,  the  length  of  bri' 
ai-ju  ;f;!.5  inches.  Thi.s  mill  was  t^wted  twice.  Hetween  the  dates 
testing  some  i-epairs  were  mmie  to  the  shafting,  causing  the  eogwlic 
to  bind  less  tightly.  The  following  ligun'S  are  those  obtained  fi~ 
the  second  lest.  The  mill  had  been  in  use  only  about  one  year,  *i 
showed  very  poor  workmanship.     The  results  of  the  test  are  as  folio  "■ 

lieMUlln  of  le»t  of  mUl  A'o.  JO— 14-foot  gttel  Perkina. 
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^1////  N'h  37. — This  is  a  12-foot  Aermotor  on  a  30-foot  steel  lowi 
The  wind  wheel  is  like  that  of  mill  No.  3  (see  pp.  29  to  30,  Part 
The  horizontal  shaft  is  geared  forwai-d  0  to  1.  Fig.  33  shows  t 
working  pai-ts,  and  flg.  34  the  foot  gear.  The  brake  pully  was  '■ 
inches  in  diameter  mid  was  fastened  to  the  foot  gear  at  a  in  fig.  ; 
The  brake  arm  was  .'{o.L'd  inches  in  length.  The  mean  temperati) 
during  the  tcsl  was  4tr  F.,  and  the  mean  iMn-onietric  presstire  2! 
iiielies.     Tlic  results  of  the  tests  ai-e  as  follows: 

Remilts  I'f  tesln  <if  mill  No.  IT — I 'foul  Afrmolor, 
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The  revolutions  of  wind  wheel  per  minute  for  tlie  four  bralce  lojids 
0,  2,  4,  and  6  pounds,  respectively,  are  sliown  in  flg.  ;i5,  Tlie  pull 
necessary  to  overcome  the  frictional  resistance  was  funnil  by  stand- 
ing on  the  platform  of  the  mill  and  slowly  turning  the  wind  wheel 
around  with  a  sprint;  balance.     This  was  checked   by  winding  a 


FIO.-33.— Working  parts  of  mill  No.  ^.T  -l:;rm,t  AcTmnUir, 

•""w  around  the  circumfei-cnce  of  the  wind  wheel,  «n(i,  standing  on 
"^^  ground,  moving  the  whi-cl  when  tJLere  was  ni>  wind  by  puiling 
■*"  the  spring  balance  atta(-lied  to  the  coid.  A  |iiill  of  l.:J5  pounds 
applied  at  the  circumference  was  sufficient  to  overcome  this  i-csistance 
*t  a  low  velocity.  The  work  done  Jn  overcoming  tVw  TewsXawve  \ft 
^■^^XS»^xff=4Zl  foot-pounds  pel-  i-evolutioiv.     T\\«  woxV.  <1lO\\>s  \?^v 
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revoliilioti  iif  wind  wheel  per  [Kinnd  on  the  brake  »rtn  in — 2jrx'-ia.ibx 
li'^l:>=lll  f(Hil-])imiidH.  The  ratio  of  these  iit  47.1-^  11 1=0.  i35  pound. 
Ileiice  a  hrakK  luad  ot  U.425  pound  in  equivalent  to  the  friction  load. 
The  effect  of  eaeh  additional  3 
pounds  load  on  tlie  brake  in  re- 
ducing the  Bpee<l  of  the  wheel  at 
different  wind  vehwities  i»  clearly 
shown  here.  It  in  seen  that  an 
adde4l  loa<l  ntakes  a  greater  pro- 
portionate reduction  in  the  speed 
.wJien  the  velocity  U  low  than  when 
it  is  high-  Tlius,  in  an  8-mt1e  wind 
the  lulditiou  of  2  pounds  to  tl* 
load  retinites  the  speed  50  per  ceiA 
while  in  a  25-niile  wind  the  aatB» 
load  reduces  the  speed  only  abon* 
7  per  cent. 

It  will  be  seen  that  for  wii™ 
vvhx'ities  alH>vo  a  certain  amonJ'ti 
with  tilt'  load  not  too  ({real,  eatrli  ailditioiial  i>ound  of  load  re<luc^^ 
the  HjMH^d  of  t.hi>  wheel  I>y  about,  the  saiiic  amount.  For  example,  *' 
n  i'5-milf  wind  the  ailditiuii  of  2  iH)un<ls  changes  the  speed  fn>m  *^ 
revolutiuuH  to  til  revolutions.    The  addition  of  2  pounds  more  chan^^ 


the  spi't'il  fnmi  HI  ii'volutions  to  77  revf)l  til  ions.  It  will  Iw  seen  that 
HH  the  load  inci-ensi'H  the  incn'niciil  of  wjiirl  velocity  necessary  to  start 
the  mill  iiici-cases  iniin'  raiiidlylhan  llie  ini-n'nient  of  loading.  That 
/^  tho  (^jmu/iil  loiid  fiirvc  Htarta  in  abontn,-V.Ji-«\\\t  viAuAiWel-^Miiii 
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curve  in  about  a  7-mile  wind,  the  4-iK)und  curve  in  al)out  a  10  r>-niilo 
wind,  and  the  (i-pound  curve  in  about  a   15.5-miie  wind.     Th(»  dif- 
ference between  these   starting   velocities  is  constantly  incn^asing. 
A  diagram  was  platU^d  showing  the  horsepower  of  this  mill  for  the 
2-pound,  4-pound,  and  fJ-pound  brake  loacLs.     The  curves  showed  that 
for  any  brake  load  the  power  of  the  mill  increased  rapidly  as  the  wind 
velocity  increased,  and  that  it  reached  a  maximum  for  some  velocity 
greater  than  30  miles  an  hour.     As  the  load  increased  the  V(»locity 
required  to  start  the  mill  increased  rapidly  and  the  curve  be<rame 
steeper.     For  a  given  wind  velocity  the  power  increased  rapidly  as 
the  load  increased.     For  a  velocity  of  25  miles  an  hour  the  power 
was  nearly  proportional  to  the  load  for  loads  of  less  than  <>  ]M)unds. 
It  showed  that  when  the  velocity  was  less  than  12  miles  an  hour  a 
4-pound  load  was  too  great,  and  when  it  was  less  than  19  miles  an  hour 
a  6-pound  load  was  too  great.     It  showed  also  that  the  efficienc^y 
decreased  as  the  wind  velocity  for  a  given  load  in(*reased,  and  that  it 
increased  as  the  load  increased.     The  efficiency  for  a  load  of  2  i)oun(ls 
and  a  wind  velocity  of  9  miles  an  hour  was  40  per  cent.     At  14  miles 
an  hour  and  with  a  4-pound  load  it  was  30  per  cent.     If  the  load  at  that 
V'elocity  was  reduced  to  2  pounds,  the  efficiency  was  reduced  to  24  i)er 
Cent.     Finding  the  efficiency  by  using  the  wind  area  (area  of  circle  12 
^^et  in  diameter)  instead  of  the  sail  area,  as  is  sometimes  done,  t  he 
foTegoing  efficiency  of  40  per  cent  with  a  2-pound  load  in  a  9-iiiile 
^'ind  became  26  per  cent. 

The  results  for  this  mill  will  be  discussed  from  a  mathemati(»al 
P<^>int  of  view  further  on. 

JfUl  No,  28. — This  is  a  16-foot  Althouse  wooden  power  mill  iiiaiiu- 

^aa,ctured  by  Althouse,  Wheeler  &  Company,  of  Waupun,  Wisconsin. 

^t   is  shown  in  fig.  36.     The  axis  of  the  wind  wlu»el   is  32  feet  above 

^\\^  ground  and   15  feet  above  the  roof  of  a  near-by  blacksmith's 

^Uop.     The  wind  wheel  has  130  sails,  each  4S  by  4  by  1.5  inches,  set 

^t  an  angle  of  32°  to  the  plane  of  \Aw  wheel.     Two  half  sails  are  miss- 

*»ijifand  two  others  are  slightly  injured,  niakiii^^  a  loss  of  about  one 

^^d  a  half  sails.     The  horizontal  shaft ,  which  works  a  sheller,  grinder, 

Winery  wheel,  and  wood  saw,  is  .treared  forward  s.:{77  to  1.     A  pull  of 

^I'om  7  to  13  pounds  at  a  distance  of  6  feet  from  the  ('enter  was  iieces- 

^Hry  to  start  the  mill,  showing  it   to  be  a  hard-running  one.     The 

^>rake  pulley  was  H  inches  in  diameter,  the  brake  arm  3.5  feet  long. 

A  second  visit  to  this  mill  was  iiec(\ssarv  in  order  to  get    results  for 

^^igh  velocities.     During  the  interval  between  the  tests  a  510-pound 

flywheel  was  put  on  the  shaft,  which  steadied  tlic^  motion  of  the  mill 

^naewhat.     The  owner  is  well  pleased  with  the  action  of  this  balance 

^heel.     Single  measurements  of  the  power  of  this  mill  for  the  same 

load  and  wind  velocity  differ  considerably.     It  is  very  evident  that 

^Wsmill  is  not  high  enough;  if  it  were  30  or  40  feet  higher  it  would 

IRR  42—01 2 
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pivo  l)et.tp«rr  i-estilt».  It  in  with  llu*  aid  of  ln«tt<>r  i'psiiIIm  tiT>tiiine«l  from 
|.(>h1'S  of  <t\]uT  iiiillH  of  hitiiiilHr  iriakf  Mini  we  mv  iil>lt>  Ut  givv  Ilic  tvsulls 
in  the  following;  tahli*  and  in  1Iil>  d iit^'rHiii». 


h'ifl. 'J7  >ihi>ve>i  Ihc  iiuiiiIm']'  nf  ifvuUilioris  |ht  iniiiiiU>  of  llic  wiiu 
iiArc/  of  I  bin  iiiiU  Cur  i\u-  iirjtkc  loiiils  (t,  l.T'),  Tvlii,  a\\v\  *.15  \mvivh.I»i  t 
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VBIX>CITY  or  WIND   IN   MILK8   l*KK   llorit. 
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Fkj.  :J7.— Oiajcraiu  Hhowinjj  revolutiouH  of  wind 
wboel  of  mill  No.  :iS  l(^f(K)t  w«Kxlon  Althouso. 
CurvoB  marktMl  0, 1 .  75, 5.75,  K75,  iind  jrrindor  uro 
for  brako  loatlu  of  o,  1.75,  5.75,  aud  8.75  poauds, 
re8i)ectively,  and  for  jfrinder  hwui. 


and  for  grinder  load.  The  curve  for  tlie  grinder  loml  is  a  nearly 
straiRlit  line.  This  is  due  to  the  fact  that  tlie  grinder  is  const  ructcui 
so  that  as  its  sjieed  increases  the 
amount  of  corn  it  receives  in- 
creases; thus  the  load  increases 
automatically  as  the  wind  veloc- 
ity increases.  By  comparing 
these  speed  curves,  as  they  may 
he  called,  with  those  of  fig.  35, 
for  the  Aermotor,  it  will  be  seen 
that  the  sx)eed  of  the  latter  is 
much  greater  than  that  of  mill 
No.  28. 

Fig.  38  shows  the  horsepower  of 
this  mill  for  three  brake  loads — 
1.75  pounds,  5.75  pounds,  and 
8.75  pounds.  The  latter  load  is 
too  great  for  the  mill.  By  com- 
paring the  results  for  this  mill 
with  those  for  the  12-foot  Aer- 
motor (fig.  35)  it  will  be  seen 
that  the  latter  mill  is  superior  to  th(^  lO-foot  wocxlc^n  mill. 
MUlNo.  ^.— This  is  a  IC-foot  Aermotor  like  tliut  shown  in  V\.  W. 

It  is  inaniifactunMl  by  the  A(»r- 
motor  Company,  of  C'hicHgo, 
Illinois.  The  tower  is  of  wood, 
42  feet  to  tlie  axis  of  tho  \vhe(4. 
The  wind  wheel  has  IS  curved 
sails,  (»ach  r>9  bv  '2i).7^>  bv  l()./> 
inches,  set  at  an  an.ii:h*  of  '><'"  to 
the  ])laii(»  of  the  \vli<»el.  It.  is 
usiMJ  for  shelling  and  irrinding 
corn  and  for  \v(»rking  a  small 
pniiip.  'I'lie  shafting  is  i*()  feet, 
above  the  ground,  near  the  roof 
of  a  granary.  It  is  geared  for- 
ward <)  to  1,  and  arranged  so 
that  the  punij)  makers  I. Oil 
strokes  to  (*aeh  revolution  of  the 
wind  wImm'I.  'I'he  pump  lifts 
0.0:22  gallon  per  stroke  a  dis- 
tance^ of  about  40  feet.  It  has  a 
evlinder  1.5  inches  in  diameter 
and  a  stroke  of  8  inches.  The 
supply  pipe  is  on  a  well  \v>l\\V. 


VKUKTITY  or  WIND  IK  JflLEH  PKR  HOUR, 
in  15  90 


'•  *'~-I>ijigram  showint?  horsepower  of  mill 
'0-  28— i^foot  wooden  Althouso.  CurwH 
rj^*®d  1.75, 5.75,  and  8.75  8how  horsepower  for 
^«  loads  of  1.75,  5.75,  aiid  8.75  i)ound»,  resiM-c- 

^^vi  dotted  curve  UK  uhows  maximum 
P<«rer. 


7^  brake  pulley  is  12  incJws  in  (ii*ani(»ter,  the  brake  arm  *.\.l^  U^v>\  \v>wvt,. 
^^to^fra*(  continued  until  riio  shafting  failed.    T\\^  mvivvw  \>vwo- 


n 
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metric  pressure  was  27.8  inches,  the  mean  temperature  70 
mill  had  been  in  nearly  eunstant  use  about  five  years.  It 
22.5-foot  Halliday.  The  owuer  claims  that  the  16-foot  stee 
more  work  than  the  2:^. 5-foot  Halliday  wooden  mill  did.  '1 
of  the  tests  are  as  follows : 


fUatdU  of  leuU  of  miU  No,  S9— 16-foot  Aertnotor. 


I^oadon 

Loul 
olatiou 

-as 

"rSScSS" 

r  wiod 
nwind 

^^^^ri^f^-^^'i^ 

I 

1 

3 

s 

1 

S 

1 

a 
s 

1 

1 
s 

1 

s 

Pound, 

P+2( 

3) 

as 

85 

0.17 

CM 
0.48 

o,n4 

as 

" 

Fif;.  30  shows  the  number  of  revolutions  of  the  wind  whe< 

loads — 212  foot  ■  pounds,   487   foot  ■  pounds,   and    G29   foo 

Although  these  results  are  ii 

veuH:iT¥  or  w^HD  JN  1IILB8  FBK      ^^^  accouut  of  the  failure  of 

i;,  i;  ■•,    iiig,   they  are  complete  up 

velocity  of  15  miles  an  hour, 

studied   in   connection   with 

plete  test  of  a  mill  of  the  san: 

make  (No,  +4)  it  will  he  seen 

mill  hius  about  the  same  povt 

same  loads  at  any  given  win< 

^fill  No.  ^.— This  is  a  IC-fc 

power  mill  known  as  an  Irrij! 

for  lifting  water.     {For  desci 

pp.  49-50,  Part  I.)     Two  bral 

pounds  ami  Iti  pounds)  were  i 

iirni  2.5  feet  long.     Curves  sb 

number  of  revolutions  of  the  \ 

l)er  minute  for  these  loa<ls  ait 

ful  elevat.or  load  are  reprodu 

22,   Part  I;   the  horsepowers 

loads  are  shown  in  fig.  23,  Pa 

^fl^}  .V(J.  J/.— This  is  a  14- 

wooden  power  mill  used  to 

with  a  i-otary  (Wonder)   pu: 

described  on  pages  50  to  51,  I 

MiU  Nil.  -H. — This  is  a  14-foot  Junior  Ideal  Steel  power  i 

factnn'd  by  the  Htover  Manufacturing  ('(iriipauy,  of  Freepoi 

Tic-  tower  is  of  wood,  41  feet  to  the  axis  of  t\\«  whwel.     The 


't- 


2ia  tont-pounclu;  CE  In 
IHT  foot  pounde;  DF  1b 
ttai  rooVpouudB. 
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24  curved  hhiIh  in  cit^ht  flections,  regulated  on  the  centrifiif^tl  prii 

ciple.     Eacii  aail  is  i9  by  18 

by  H  inches,  set  at  an  angle  of 

i9°  to  the  plane  of  the  wheel. 

This  is  a  sectional  vanelesa 

mill.    In  place  of  a  vane  there 

is  It  (■oiint«rpoise.   It  is  geared 

forwanl  8  to  1.     The  mill  is 

use<l  for  shellin;;  and  gnnd- 

ing  com  and  elevating.     The 

brake  pnlley  is  on  a  line  shaft 

15  or  -20  feet  long.     In  a  12- 

inile  wind  the  inill  gronnd  12 

ponnds  quite  fine  for  a  mile  of 

vind,  or  at  the   rate  of  144 

pounds  an  hoar.  In  an  \^- 
nilf  wind  it  ground  2fl  pounds 
fnra  mile  of  wind,  or  at  the 
nte  of  468  pounds  an  honr. 
The  grinder  wa«  made  by  the 
Baker  Manufacturing  Com- 
pany, of  Evansville,  Wiscon- 
sin. The  wind  was  unsteady, 
tli»  temperature  high — 100" 
in  the  shade  at  noon.  The  re- 
sDltsof  the  tests  are  as  follows : 


it-- 


Fid.  Ill,— Ulnsntia  slinalng  ruvulntiona  of  wtnd 
wbuel  of  mill  No.  Ot-U-to-X  Junior  Id(«1. 
GarTes  marked  ",  I,  3|,  »nd  tjliodfr  are  ti>r 
brake  loada  of  I).  I.  and  :t,.^  IKiaiidB,  ri-HpectlTel]-. 
BDd  (or  grinder  loud. 


BewltB  of  legU  of  mill  No.  ai—ii-fmt  tteeX  Juiiuir  Iileiil. 

'  Ntunber  of  revolutions  o(  wind  i  u  „^„ „  „   ,.  ,„.|i  _,  „, 

r~j— -■      wheelperniinQM.ni(tlT(.nwind  I  "  '^™'?.r^il?. '"!!.'  "i.t', 
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II  1.1  for 


Fig.  40  shows  the  number  of  rcvoliit  in 
""etor  brake  loads  of  0,  1,  and  ;i.."i  pon 
'%  il  shows  the  horsepower  for  liraki' 

^SlNo.  i^— This  is  a  lH-foot  Aenii. 
(SwPl.  XV.)  The  workinn  pnris  of  tli 
"k  M;  the  foot  gear  is  like  thai  sliown 
"^We as  that  of  mill  No.  2!),  pajie  91.  The  pi)wer  waM  nieasiin-d  with 
**ooden  brake  having  an  arm  4.(17  feet  long,  on  a  10-inch  iron  pulley 
""the  foot  gear.  Five  hrtikf  ^tmda  wviv  used — 0,  S,  5,  ft,  and.  Vl\w>\\wSa, 
^f^Mirely.     The  sbttftinfi  in  •ivnii-d  ftirward  (J  to  1. 


I  wheel  per  inin- 
he  ^'rinder  I.kkI. 

Ii.tidsor  1  antl  :i..'.  pounds. 

ilor  on  a  4li-f<n)(  Mte<'l  tower. 

I'  mill  are  like  those  shown  in 

n  fiy:.  :t+.     The  sail  area  is  the 
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Tlic  rpsuits  of  the  tests  nre  tis  follows: 

Remiltg  of  lentil  of  mill  No.  4i— 16-foot  Aermoior. 
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Fki.  41. -Dlauniiii  hIiuwjiik 


^ ir  idi«l.    Cai-TM  luarkcil -1) 

Biul  I  Hliiiw  |>ow<'r  for  lirakc  IowIh  of  :i.fi  iwniidr 
aiitl  I  iwunil,  roHpw-tlvBly;  d'>ttud  enrva  JA 
HbuwK  maxliQUin  jiuwor. 

of  tlio  InthT  w«n'  pliillfd,  but  lli 
of  Iiwk  iif  siMiff.     It  will  Im^ 
shown  fiirtlior  on  tliiil  those 
lonU  ciiiveH  jiif   paralwhis, 
hikI  lu'iioi'  tliiit  the   iMiwer     |  « 
iucrcasf's  a.s  tlio  s<iUftrt'  nxit     5 
«tf  the  wind  vel<R-ity.    Il  will     g 
boehown  alsothiit  lh('<'iii-ve     i«  4 
ofDiJixiiiinmimwcrisapjira-     « 
l)oln,  that,  tho   load   for  it     i 
inon'uscs  nearly  as  the  lii^t     |  - 
power  of  thi-  wind  vidmrity,     s 
and  that    tin-  speed  <if  tlie     S 
wheel  incn-ases  also  as  lli« 
first  [lower  of  Ihe  wind  ve-       .rf 
looity. 
Mi//  So.   M—This   is 


Fig.  iS  shows  the  natnber  of 

i-evolutioQH  i)er  miaate  of    tbe 

wind    wheel   for    these    brake 

loads.    The   number   on   each 

curve  indicates  the  brake  load 

for  that  curve.     These  corvee 

arc  seen  to  closely  resemble  the 

corresponding  carves  for  the  1'' 

foot  Aormotor   (flg.   35).      The 

Ifi-foot  mill  will  be  seen  to  stAi^i 

with  no  load,  in  about  a  4.5-mi^" 

wind — the  same  as  the  12-foot 

Aermotor.      Fig.  43  shows   tb* 

liorsepowerof  this  mill  for  lo***^^ 

of  -'J,  5,  d,  and  11  pounds,  resi**?*^' 

lively.     The  curves  for  this  ini*' 

elosoly  resemble  those  of    *'** 

12-foot  Aermotor.     The  cui'V**" 

dlagr.uii  is  not  reproduced  beca."^'' 


ill 15 » 5_— -1 

"JAl/„„.-.,L^J=;aa' 
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iro  fi.r  brake  Imda  of  a  3  poaiiJ*i-^ 
vnnd  II  tiKundik  rmpectlrelT:  rn*^..— .4 
wbwil  Int  mxfmam  iotd:  I&  la  l*'*^ 


FOOT  AERMOTOR. 
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^S 


^foot  llallidny  wooden  power  mill  on  a  43-foot  wooden  tower. 
9  sail  area  is  in  two  eon- 

VELOCITY  OP  WIND    IN   MII.K8  PER  nOUR. 

10  15  SO  25 


trie  rings,  the  outer  ring 
ring  144  sails,  the  inner 
g  100 sails,  each  43  by  4.5 
3.5  inches,  set  at  an 
jle  of  25"*  to  the  plane 
the  wheel.  The  upper 
.ring  has  a  i*atio  of  50  to 
the  lower  gearing  a  ratio 
53  to  20,  so  that  the 
izontjil  shaft  is  geared 
wanl  7.28  to  1.  The 
»ke  pulley  is  8  inches  in 
meter,  the  brake  arm  4. 75 
t  long.  The  mean  tem- 
ature  was  82°  F.,  the 
an  ])arometric  pressure 
7  inches.  The  mill  is 
i\  for  shelling  and 
Qding  corn.  Four  brake 
ids  (0,  1.5,  5,  and  0 
inds,  respectively)  were 
d,  also  the  grinder  load. 
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FlO.  43. —Diagram  showing  horsoi>ower  of  mill  No.  44 
16-foot  Aermotor.    Curves  marked  W.  5, 8,  and  1 1  Hbow 
power  for  brake  loads  of  8. 5,  H,  and  1 1  pounds,  n'8p<*c- 
tlvely;  dotted  (turvo  />Ar8bows  maximum  power. 

The  results  of  the  tests  arc  as  follows: 
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Renults  of  tests  of  mill  No,  40—^2,f>-foot  UHHuien  Ualliday, 


Load  peri 

revolu-  , 

tion  of 

wind     I 

wheel.  ; 


Number  of  re  volutiouB  of  wind 
wheel  ))er  minnto  at  ^ivon 
wind  veUxjities  (,i>er  hour). 
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Horsepower  at  ffivon  wind  velocities 
K\iQT  hour;. 
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1  a  13.5-niile  wind  tho  niill  «j:r()un(l  20  pounds  of  chop  quite  fine  in 
niinutes.  Fig.  44  shows  th(»  ninulMM*  of  revolutions  jxm*  minute  of 
wind  wheel  for  the  five  loads.  This  mill  re([uires  a  o.S-inih^  wind 
tart  it  without  any  load,  and  it  makes  only  32  revolutions  in  a  25- 
BWind.  This  is  a]>out  half  as  many  as  are  made  under  the  same 
(litions  by  the  ITi-foot  mill  No.  44.  Sinei*  the  circumferenee  of  the 
>-footmilI  is  1.4  timers  greater  than  that  of  the  K^-foot  mill,  the  cir- 
iferenee  velocity  of  the  IG-foot  mill  is  44  per  eent  greater  than  that 
he  22.5-foot  mill.  The  dot  t^nl  curve,  showiuj*  the  h^hh\  ol  \W>N\\v^<i^ 
the  grinder  land,  will  De.seen  to  ])e  a  nearly  Htva\gVv\.  V\\\^,^\vovq\w%^ 
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constantly  increasing  load  with  increase  of  wind  velocity.  Fig.  45  hI 
the  horsepower  for  three  loads,  also  the  maximum  horsepower.  II 
be  seen  that  the  power  is  small  for  so  large  a  mill.  The  shaftin 
this  mill  is  very  heavy,  and  the  grinder  is  ran  by  a  belt  from  the  i 
shaft.  The  mill,  although  on  a  4d-foot  tower,  shonld  be  at  Ii^a 
feet  higher.     It  will  be  seen  to  be  a  very  poor  mill. 


▼BLocirr  or  wtitd  in  mtlbs  per  hour. 
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Fkj.  44.— Diavrrara  showing  revolatioiis  of 
wind  wheol  of  mill  Na  49— ttL5-foot  wooden 
Halliday.  Curves  marked  0,  1.5,  5,  and  9 
are  for  brake  loads  of  0, 1J&,  5,  and  9  pounds, 
reHiiectively;  the  dotted  curve  shows  the 
speed  of  wheel  for  grinder  load. 

Mill  No.  5^.— This  is  a  12-foot 

Monitor  wooden  power   mill   on    a     PiQ.  45.— l^iuKram  showing  hor««pt»wer 
•jr  ^-rwv*-   ^MT^r^A^^    4-^,.r^«        /n^..    ««  No.  49— 32. 5-foot  Halliday.    Curves  ma 

JO-fo«t  wooden    tower.      (bee    ftg.        6,«.d  1.5pound..howhor86powor  fo. 

46. )     It  iH  a  sectional  mill  and  ha.S       loads  ot  it.  r>,  and  1.5  iionnds,  respective 

90  sails,  each   U  bv  4.25   bv   1.75       <lotted  line /)A- show,  maximum  horse 

inches,  set  at  an  angle  of  34''  to  the  plane  of  the  wheel.  The  ; 
isK^ured  forward  3.0r>  to  I.  The  swivel  gearing,  which  enablei 
mill  to  turn  easily  and  keep  full  in  the  wind,  is  shown  in  fij2 
The  mill  is  used  for  shelling  and  grinding  corn  and  pumping  w 
It  is  in  veiy  good  condition,  and  tlie  wind  exposure  is  very  j 
The  mill  had  been  in  use  about  three  3'ears.  The  mean  tenipen 
during  the  time  of  test  was  83"  F.,  the  mean  bai*ometric  pressure 
inches. 
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Hie  r(»snlis  of  the  tests  are  as  follows: 

Results  of  tests  of  mill  No,  Ho — 1^-foot  wooden  Monitor, 


Tjoad 

on 
brake. 


Load  per 
revofa-  i 
tion  of 
wind     , 
wh<»ol. 


Number  of  revolntionsof  wind 
whoel  per  mionte  «t  given 
wind  velocities  ^por  hour). 
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veloci  tieM  ( per  hour  i . 


i 

i 

$ 

• 

s 

1     S 

■ 

s 

t 

•-< 

r^ 

»-« 

a 

a 

00 

a 

a 

a 

s 

^ 

^ 

» 

^ 

54 

64 

43 

0.001 

0.127 

O-IM 

O.l* 

^ 

40 
30 

0.2«l 
O.l.W 

o.;»7 

ll.>I 

JH 

a44S 



TIk'  rcvolntioiis  of  tlio  wind  wheel  for  three  brake  loads  (0,  l..\a 
2.s7r)  pounds)  are  shown  in  fig.  48.     This  figure  also  shows  the  nu 
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Fm;.  I>.  Uiu^rain  sliowiiiji  ri'VulutioiiHof  wind 
wluM'l  t)f  mill  No.  5<)— 12-foot  wo<xlen  Monit<)r. 
( hir vi's  marked  0, 1.5, 2;, 4.5 firo for  brake  loatls 
(»f  0.  1.5,  2^,  and  4.5  ])ounds,  roHiXH-tivoly. 

her  of  ...volutions  for  a  4.5-,>oun,l    ""'^''^'^^r:^^''^^^':' ^ 

load,  found  l)y  interpolation   from        marked  4.5,  21,  and  1.5 are  for  brake  l<»i' 

thr  otlKT   results.      Tllis   mill   will       4.'>,  2J.  and  1.5  pounds,  respectively:  do 

<Mirvo  DK  shows  maximum  power. 

b(*  s('(Mi  to  rcMpiiiv  about  a  ^i-niilc 

wind  to  start  it  without  any  load  and  to  make  only  r>4  r<»voluli« 
])(M- minut(^  in  a  w5-mile  wind.  The  12-foot  Aerrao tor  will  start  i 
Lr)-mile  wind  and  make  >>7  revolutions  per  minute  in  a  25-mile  w 
with  no  load.  Y'v^.  40  shows  th(»  horsepower  of  this  mill  for  the  f 
loads;  also  the  maximum  lioi-sepower. 

M'lU  Xo.  '">.!. — This  is  a  14- foot  (1iall(»iige  wooden  power  mill  0 
[')-foot  wooden  tower,  manufactured  by  the  Challenge  Windu 
Company,  of  Hatavia,  Illinois.  (S<»e  (i*;.  50.)  It  is  a  soetioual  mill,« 
has  two  si<le  wheels  for  kee])injj:  the  main  wheel  in  the  wind.    1 
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Tim]  wheel  has  lOS  wiUm,  eiioli  .M.Ahy.l  li.v  I.T'i  hi'-lu-s, 
of  :in'  i<i  lh(!  i>)au(i  uf  t\v  whtvl.  Tht-  mill  works  n  shi' 
unii  a  imiiip.  There  an'  Vvro 
borizDiital  shafts,  uiie  of 
«liithwoi'kH  the  ;i:riiidor  anil 
slii'llcr,  the  (itlw-v  the  [iiiiiip. 
Thi-  shaft  that  works  the 
pntii]]  is  12  feet  hmn  aiul  1.5 
inrhcs  in  <]iam«ter;  it  is 
(Mrwl  forward  1.5  to  1.  Tlw 
»liaftlhat  works  Ihe  (jriiulor 
is  G  ft^t  king  and  1.5  inches 
indianieter;  it  is  {ronntl  for- 
ward 15.25  to  1.  The  well  is 
aiirilliil  well,  Hi3  feet  deep. 
Tin.  lift  was  ISO  feet,  the  dis- 
thap^s  ii.l'o  i|iiart  per  stroke. 
The  water  is  pumped  iiit'O  a 
largi'  Ijox,  and  passes  to 
TalcrinfT  troughs  when 
Bwlwl.  Tlie  piiinp  Jiiis  » 
wtintiTweiglit  which  raises 
lint  lie  ilowDHtnike  and  luwists 
in  lining  the  wntor  on  the 
Biwlroke.  The  mean  teni- 
I»r!itiirt^  wjis  Ui°  v..  the  mean  hii 
■VMills  i>r  the  lusts  an-  as  follows: 


set  at  a 
IUt,  a  a 


•  int'.-wnif  :;.' 


HexiUls  •>/  lv«l»  '•/  mill  .\ 


Loiul  pet 


sliiiri-  w;is  Mill,  wiirking. 
When  Mielmike  Inails 


The  rovolHtions  of  wind  wlieel  ]H-r  i 
*■  ixmnds  aiv  sIkiwii  in  tig,  -"il.  Imh- n  |i 
'^iiik'  with  the  pnmp  detiu^ln'd ;  tli<'  ^'li 
"  hen  ptimping  the  grimier  was  iiol  wor 

''f  1  aiid  i  j^Kninds  woi-e  being  iisiil  llie  pump  sliati  was  not  work- 
'"B-  A  enrve  was  obtainiil  giving  the  siweil  uf  the  wind  wlieel  fur 
"■^  brake  hwul  with  the  grinder  sliaft  working  smd  w\\\\  \W  v\vwv\> 
"Ml  iia  u-orkinp.      This  (■iij-ve  ii.-jirly  eoinehUnV  wrtU  \\\ftV.  ti«  Ww 
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pump  load,  showing  that  the  friction  of  the  grinder  shaft  wan  jili 
equal  to  the  pump  load.  With  the  pump  shaft  working,  but 
the  pump,  tho  mill  will  be  seen  to  require  a  7-mile  wind  to  start 
and  it  makas  only  30  revolutions  in  a  2n-mile  wind.  Fig.  52  sh 
the  horsepower  of  this  mill. 

This  is  a  hard-running  mill;  there  is  too  much  friction.     The  ; 
wheels  do  not  respond  to  changes  in  the  direction  of  the  wind  as  quii 
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'l<  .  .1.  -DiaKram  ahnwlDB  rorola- 
tloDB  of  wind  wheel  ot  DiUl  Na  Gi!- 
14-Ioot  wooden  ChalleDBe.  Curve 
marliL-daururnabraliBloAd;  cnrre 
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carve /IK  Bbowamaiimam 


as  docs  the  vane  or  rudder 
in  other  mills.  The  wind 
exp(»suro  was  very  good  and 
the  mill  was  neariy  new. 

Mill  Xo.  53. — This  is  a  12-foot  Ideal  power  milt  on  a  -tS-foot  woo- 
tower.  The  wind  wheel  has  21  curved  sails,  each  43.25  by  liJ.5 
8.25  inches,  .set  at  an  angle  of  U3°  to  the  plane  of  the  wheel.  ' 
horizontal  shaft  is  geared  forwanl  ii,07  to  1.  The  mill  ha<l  l>eei 
use  aljout  four  years  for  shelling  ami  griniling  corn.  Three  hr 
loads  were  used  in  the  test — (>,  1.5,  and  2.5  pounds.  The  mean  t 
perature  during  the  tests  was  92°  F.,  the  mean  barometric  preHS 
28.7  inches.  The  results  of  the  tests  are  as  follows: 
Ji^itllU  of  tests  of  mill  No.  S-l—I^-foot  Ideal 


Nnmlierot 
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53  shows  the  number  of  revolutions  per  minute  of  the  wind 
for  the  three  brake' l»»ad8.  The  mill  will  be  seen  to  start  in 
ft  5-mile  wind  and  tc  i^a\b  (ji)  revolutions  a  minute  in  a  25-mile 
ith  no  load.  Fig.  54  shows  i: herhArsiqjower  for  the  several  loads. 
No,  64. — This  is  a  12-foot  Aermoto^  fi^v'  jTo.  27,  on  a  47-foot 
The  12-foot  Aennotor  No.  27  was  found  to  ix*  so  mtirh  iv^eater 
rer  and  speed  than  other  12-foot  mills  tested  that  vr<rth6ii;i:ht 


ITY  OF  WIND  IN  MTL.B)  PER  IIOUH. 


VELOCITY  OP  W1NI>   IN   MILES  PEK  Iloril. 
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Diain^tn  showing  revolntions of  wind     t,       ^.     t^,  ,       .      ,  -     ... 

,f  mill  No.  53-liJ-foot  Ideal.    Curves     ^'"-  "• -D  W-am  nhowing  hc,r8epower  o^^ 
lO,L5,:J.5,and3.6aroforbrakeload8of       ^°t  fT      7  \     J    Curves  marked  3.5  2., 

5,  and  3.5  pounds,  respectively.  ^"*^  ^'^  ^^^  ''^'*  ^^^^^^  ^"^^^  ^'  '*  *'  "  ''  ""'^  ^  * 

^^  poundH,  resjwctively;  dotted  curve /)Ar  shows 

.      ^      .  . ,  «  . ,  maximum  power. 

to  test  anothei'  of  the  same 

md  size  under  somewhat  different  conditions.  No.  54  had  been 
about  two  years.  Two  brake  loads  w(M-e  used — n  and  207  foot- 
8 per  revolution  of  wind  wheel.  The  mean  temperature  duriuij: 
it  was  02°  F.,  the  mean  barometric  j>ressure  21>.2  iuehes.  The 
;  of  the  tests  are  as  follows: 

Results  of  tests  of  mill  No.  5.'f—l:-f(n)t  Arrmofor. 


Numl)er  of  revolutions  of  wind 

wheel    per    minuto   at    i^iven 
wind  velocitieM  ( i>or  hoii  r ) . 
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111  be  seen  that  the  results  of  the  test^  of  this  mill  apparently 
•toBoly  with  Ihoae  of  No,  27 y  page  80.     The  agreem^\iV,\\o>wviN^\.» 
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in  not  w>  cloHC  AM  it  appears,  since  the  temperstare  for  No.  M  is  mm 
hi}!her.  It  is,  hi>wever,  aboat  the  same-thi  the  temperature  for  oth> 
mills,  w>  that  we  can  still  use  tht>.resple8  found  fur  mill  No.  27  in  oot 
paring  it«  power  and  specd'wItV  cl:ft»fe  of  other  mills. 

••.*.  '-  -GoipAitlSOS  OF  POWER  JOLLS. 
■.:  JQ(mipa'rTamofJ2-foot.  Ideal  {Xo.oS)  iHth  U-foot  Ideal  (No.  34).— 
'  tnUst  Ik  remembered  that  in  this  and  in  all  other  compsrisons  no  eo 
HTlion  is  made  fordiffereneeinlempemtureand  barometric  pressur 
The  ftpeetlH  for  no  load  and  the  maximum  horsepowers  for  these  mil 
arc  us  follows: 


ComjMiriton  of  re»ult»for 

l?-foot  Ideal  and  It-fool  Ideal. 
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It  will  Im^  Ht-oii  that  the  useful  power  of  the  14-foot  mill  is  very  litl 
mim'  than  that  of  the  12-foot  mill,  and  that  the  circumference  velo- 
ties  an-  nearly  the  Hame  for  no  lr>ad,  where  no  horizontal  shaft  is  beii 
turmil.  In  the  case  of  the  I^-foot  mill  the  brake  was  on  the  fc 
ffcar  anil  there  wiis  no  horizontal  tthnft  U*  turn,  but  in  the  case  of  t 
14-fiH>t  mill  the  brake  pulley  was  on  a  shaft  16  or  20  feet  long.  \ 
believe  that  if  the  brake  pulley  hiul  been  on  the  foot  gear  and  t 
line  shaft  thrown  out  of  gear,  so  as  t<i  eliminate  shaft  frictiou,  t 
mill  wiiuUt  have  shown  at  h>ast  10  {M^r  cent  more  iiower.  The  tow 
obstnirts  tiic  wlio<4  somewhat  and  reiluws  the  power. 

Comparimin  of  12-foot  Aennolor  (Xo.  27)  wUh  14-foot  Ideal  {i\ 
S4). — Tlie  Ki)eeiiH  for  ni»  load  anil  the  maximum  horsepowers  for  th« 
mills  arc  as  fnllow-s; 

ComiMtriKiin  of  rcuHltii  for  I2-fmii  Aertntitirr  arid  H-foot  Idetd. 
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It  will  be  seen  that  the  iiumlier  of  i-evolutions  iM*r  iniuuto  <»f  the 
li-foot  mill  is  50  per  cent  greater  than  for  ilie  14-foot  mill.  This  is 
true  for  the  lower  as  well  as  for  the  higher  velocities,  wIumv  t!u»  i^ov- 
erning  of  the  mill  does  not  enter  to  reduce  the  sih»(m1.  It  will  Im'  seen 
ahso  that  the  12-foot  mill  is  protlucing  from  42  to  50  ix»r  c<Mit  more 
horsepower  than  the  14-foot  mill.  The  temperatiin*  was  4l»  liijrher 
and  the  pressure  0.6  inch  lower  when  the  14-foot  mill  was  t<\sto<l 
than  when  the  12-foot  mill  was  tested.  The  effeet  is  to  lessen  the 
difference  between  the  power  and  speeds  of  the  mills. 

Comparisrm  of  12'foot  Aermotor  {No,  ^7)  icifh  Jft-foof  At  nnofor 
(Xo,  U)' — Attention  has  already  l)een  drawn  to  th<»  similarity  between 
ih«^si)ee<l  curves  of  these  mills  (figs.  35  and  42)  and  U^tween  the  power 
cunes.  (The  power  curves  for  mill  No.  44  are  sliown  in  fig.  4H;  tliose 
fur  mill  No.  27  were  platte<l,  but  are  not  publishe<l  beeaus**  of  lack  of 
si^aee.)  If  we  compare  the  number  of  revolutions  per  minute  for  no 
load,  we  shall  see  that  they  are  to  each  other  nearly  invei-sely  as  the 
diameter,  or  that  the  circumference  vehwities  of  the  two  mills  are  the 
same  in  all  wind  velocities.  We  may  compare  tlie  brak<'  horsepower 
and  the  speed  as  follows: 

Compariiuyn  of  results  for  l^'pxtt  Aerrtwtor  ami  in-fimt  Acrmntur. 


Mill. 


Number  of  revolutions  of  wind  !  '^\f  f^"^ "  "^  'j;;!?:;;; 
wheel  y^T  minute  at  given  wind  I  ^.VJS'V^.f.^.ft'es 
velociti.  (per  hour).  aifr^mr.      ^'^'- 
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1 

From  this  it  will  lx»  sc^en  that  the  pow(»r  of  tin*  KUfooi  Aeiniotor  is 
alK)ut  1.22  times  that  of  the  12-foot.  The  ratio  of  (he  squares  of  the 
<iiameters  is  1.78;  the  ratio  of  the  diameters  \.X\.  It  will  he  sren  that 
Ihe  power  does  not  increase  as  t!i(»  s([uares  of  the  diameters,  as  is  oft(»ii 
stated;  it  incn^ases  faster  than  as  tin*  diaiiu^ters,  htit  more  nearly  as 
l^KMliameters  than  as  the  squares  of  the*  diameters. 

f  *fnniHir ison  of  Ifi-fnni  Alfhoust  troadt  n  niill{Xn.  ...V)  irifh  Jfi-fnoi 
'^^nnotor  {No,  44.), — From  the  following  table  it  will  b(»  se(»n  that  the 
wind  whe<d  of  No.  44  is  revolving  from  50  to  77  p(M-  cent  faster  than 
^^<^  wind  wheel  of  No.  2S.  The  latt(»r,  however,  has  to  ov(M-coiiie  the 
friction  of  10  or  12  f(*et  of  line  shaftin^r.  It  will  be  seen  that  No.  44 
i»  yielding  from  70  to  107  per  ccMit  more  power  tliaii  No.  2S.  The 
^superiority  of  the  steel  mill  over  the  wooden  mill  is  very  evident  in 
this  case. 
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wind  vrfaael  per   miunte 
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Ctivtiinris'iii  of  3J.o-fnof  HnlUday  wooden  miU-  (iVo.  ^9)  trif 
A'fitrolor  (Xo.  i4)- — From  the  following  table  it  will  l>e  seen 
stci'l  mill  tiiHkcKiiboiil  two  nsvolutions  to  one  revolution  of  the 
mill,  iiiui  that  its  [lower  is  from  -11  to  167  per  cent  greater. 

'  'umiHiriru'ii  of  remtllsfiir  £S.5-fofit  Hattiday  and  Ki-foot  Aermott' 


T  of  reTolatloTU  of  1 
t-OD   K-Ind  Telodtles 


I 


<  ! 


.tH»lll(l»y 


Coiiqi'trifiiiti  of  l.>-foi,t  A''rmidor  {No.  27)  with  22.5-fwf  Hi 
ii-omlin  mill  (X'l.  -'/!>). — ('oTiiiHiririf;  the  power  of  these  mills,  ^' 
tin-  followiiif,': 

CnmjJiirisfiii  iif  if;tiilln/or  J.'fimt  Aeniiotor  and  SS.S-foot  Hailidag. 


Niiuit>er  <>r  rRV<i]iiti(His  of 
nt   iiiveu   nlall   vel.witlPB 


"«.)- 


"SFSf^"^ 

1 

|l| 

» 

.    -      1      = 

0.(» 

0.83        0.9 

I.  BO 

i.«|   1.. 

It.  will  iio  Hceii  tlmt  this  22.o-fiH>l  wooileii  mill  <l<ie8  not  fur 
miii.-h  jiower  as  «  goiMl  12-foot  steel  mill. 
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nV>n  of  wooden  power  mill.'!. — <)f  the  mills  in  thv  followinfi 
13-fcxrt  has  the  least  frU'tion ;  the  tower  beiiifi  in  fnml  iif  the 
obstructs  the  wheel  and  reduces  the  iwwer.  Tho  14-f<)ot 
ably  has  more  friction  than  the  othern.  Tlie  lit-foot  Irri- 
too  few  sails;  with  more  sails  the  power  could  pnihably  Ik) 
75  per  cent  or  more. 

Oompariton  of  Tzmilis  u/  test*  of  iromft'ii  }Knrvr  nalln. 
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be  Been  that  the  lO-foot  mill  (No.  -2ri)  i.s  fiiniisliiiiir  fi-om  --- 
es  more  useful  power  than  the  li-foot  mill  (No.  50).     It  will 
seen    that   the 
this  16-foot  mill  ^  '^  \_ 

with  that  of 
t  mill  increases 
naHthesqiiares 
amet^ers,  while 
of  the2i.5-fo(>t 
tared  with  that 
-foot  mill  (lt>es 
ise  as  fast  an  the 
f  the  diameters, 
ttwerof  thed^.o- 
compari'd  with 
he  lti-f(Hit  mill 
increase  as  fast 
at  power  (if  the 
i. 
risan  of  IS-foul 

wooden  mill 
tfUh  lH-foot  Acr- 
u.  27)  nnd  irifh 
leal  (No.  53).~ 
lows  the  »i»ee<l, 
itions,  of  thi- 
ols of  thtwo  nijl).s  for  no  useful  load.    The  ErW-twnv  w  avnvkW  \\\ 

The  Monitor  ham  a  swivel  j^eariug,  a«d  tti6l4«iaV\iaa»i\»vC\ 
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geArifi^  t*i  i'mrry  lh#f  wei^t  "f  ibe  ^^Unfl,  twflh  of  which  ivdiice  th 
friction.  It  is  fair  to  tiaiv  tiuit  ibf  fri<^i«*ii  l4«#il  c*f  the  At*nnot4»r  i«  f 
lem^t  iiM  >pt^t  iii»  thja  <*f  the  uther  millsi.  It  will  W  ^eeu  that  the  spee 
of  the  Ideal  its  nutii'^^bly  grtiater  than  thai  i»f  \br  Monitor;  and  tlu 
the  Hpeed  of  tlie  AermoUir  i^  moeh  ^nval^r  than  that  of  the  Idea 
eHjieeially  for  hi^di  wind  veloeitieis.  Thi>  i>  the  resason  the  At*rniot< 
in  t¥)  mueh  more  powerful  than  oth^r  mill's.  It  revolves  much  faste 
and  the  power  it*  directly  prop(»nional  t<i  tht*  s(ieed.  But  why  is  ii 
K{jee<l  greater  for  the  same  load? 

Cf/mparuum  of  regmitMfvr  If -foot  MohUk^t,  It-Uioi  IdeaL  and  U-fottt  Aenm>to 


um. 


IxMd 
per  rer- 
dntioD 
of  vind, 

Wltf«L    : 


Number  of  n^val-Dtians  cuf 
wind  wbe<ei   per  min'ote     Himii^povrer  atpvenwind  veloc- 
at  gimx  wizkd  reiocitae* 


per  hcmr 


itiee  < per  hoar). 


i    i    i    i 


2!        H        s 


S 


A 


X 

1 


l^S-ftxjt  Monitor  ^ 


12-f<xit  Ideal 


\Z-VmA  Aermo 
tr>r 


0  1«   3»  44  51 

ISO  25  3S  43 

314  n  34 

0  25    40  U  60 

272  49  41  51 

iS5  32  44 

0  30    29  63  75 

222  16    43  57  70 

444  23  4t<  65 

««  12  SO 


64  

52  a4«l     0.127     0.156  10.180 

40 I  O.230     0.3»4     0.381 

6K 

«»  '.'",'.     6.'3»    0."ffl8    6.420    6.'s6f> 

54  0.440    0.608     0.745 

!^T 

81  O.OeO     0.2S5     O.Sm    0.458  !  0.583 

77  0.308  ,  0.658    O.»0  ,  l.CBO 

72 0.234     1.088  11.451 


The  dinienHion«  of  the  principal  parts  of  the  wind  wheels  of  the 
niillH  and  the  mean  temi)erature  and  pressure  when  the  tests  we 
niatle  are  an  follows: 


IHjii4inHWiLH  of  principal  j^rt^  of  mills  Xoft,  /io^  ,5,?,  and  i*7. 


Mill. 


I:;  for^i  Monit«>r  rNo.  fiO)  . 
12  r(H>t  Idml  ( No.  ftl)  ...   . 
,    U  ftml  A*irnutUir  ( No.  27). 


Num- 

l>er 

of 

sailH. 


21 
IH 


DimensioiiK 
of  sails. 


Incht'8. 
44  X  4ix1| 
43ixl6^xHi 
44  xlHfx7l 


Au^lc 
Hails. 


32 
31 


Geariug. 

Mean 
temper 
ature. 

Mean 
baro- 
metric 
preH- 
Kure. 

3.66:1 
«.07  : 1 
6.00:1 

83 
92 
46 

Inchen. 
2S  6 
28.7 
2S  9 

'I'lin  l4»inpiM'Hlnn*  whrii  the  12-fo()l  Aermotor  was  tested  was  mu- 
lowiM'  iJiiiii  wh<»n  thi»  ()th(M*  two  mills  wen?  tested,  but,  as  alrea< 
HliitiMl,  llio  toin|M»raturo  whon  Aermotor  No.  54  was  tested  was  92*^  I 
liiid  il.  hhowiMi  a  spiM^l  un<l  |)ower  about  the  same  as  Aermotor  No.  2 
ho  wi*  may  It'iivt*  this  difTen»neo  in  temi)erature  out  of  account. 

It  will  bo  sriMi  thai   the  Monitor  is  not  geared  forward  as  much 
the  other  two,  but   this  d<M»s  not   afTeet  the  speed  for  no  load.     T 
fiull  Hii^h  is  nlnnit  Iho  snim^  (or  all,  also  U\ii  \o.\v\»\>Viv>t  aail^  but  ti 
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i(>  ir>  2«i 


:.'» 


numberof  wiils  and  the  width  aiv  (luitedifTrront.  Tlu'  At'i-motor  liiis 
fewsails,  but  of  lHrji:o  size;  the  Ideal  has  nion'  and  soTiiowiiat  smaller 
mils;  the  Monitor  has  many  small  sails,  an<l  its  towd*  is  locattMl  in 
fnmtof  the  wind  wheel.  Its  sails  an^  plane,  iiistea<l  of*  ciirviMl,  all  of 
which  tends  to  decrease  il«  power. 

h\,  50  shows  the  curvets  of  maximum  h<)rs(»power.  It  will  Im»  seon 
that  the  difference?  In^tween  the  horseiM)wer  of  the  Aermotor  and  that 
of  tl«»  Ideal  is  alnnit  the  same  as  the  diffenuKM'  in  thiMr  sikhmIs  for  tho 
sanii'  wind  velocity,  but 
thi*  difference  betwtjen 
the  power  of  the  Mon- 
itor and  that  of  the  Ideal 
Ls  imieh  greater  than  the 
corresponding  difference 
in  their  speeds.  The 
woodoii  mill,  therefore, 
not  only  has  a  less  speed 
at  a  ijiven  wind  veloc'ity 
than  the  st^jel  mill,  but 
it  carries  a  proi)oition- 
ately  less  load.  For  ex- 
ample, in  a  20-mile  wind 
a  load  of  120  foot-iK)unds 
per  revolution  reduces 
the  s|)eed  of  the  Monitor 
from  54  to  43  (or  11) 
revolutions  jwr  minute, 
^hile  in  the  case  of  the 
Aermotor  a  load  of  220 
fo()t.p<ninds  (about  80 
Percent  greater)  reduces 
the  si)oed  from  75  to  70 
(only  5)  revolutions  i)er  minute.  In  the  case  of  tin*  bh^al  a  load  of 
272  foot-pounds  per  revolution  (l\.*>  times  tin'  load  of  tin*  Monitor) 
^uces  the  speed  from  00  to  51  (or  D)  revolutions  p<-i-  minute. 


Flii.  r>r».— Com parativo  dia^rrain  of  hurM'i).'\vfr  «if  mills  No?*. 
riO,.>),  and  'S!.  Curvo  <i(i'  is  for  lii-foot  At'rmotur;  hh'  is  for 
13-foot  Ideal;  rr'  is  for  12-fotjl  wooden  Monitrir. 


COMPARISON  OF  PUMPING  MILLS  WITH   POWER  MILLS. 

(Comparison  of  L^-fool  pUDipiiKj  mill  (So.  ->)  irHh  iJ-fhof  potrrr  mill 
UVo.i>7).— The  load  per  stroke  of  No.  :i  (see  pa^^e  :}(),  i*art  I)  is  4ir>.;j 
f(K)t-|K>unds.  The  wind  wheel  makes  '^.'^  revolutions  to  1  stroke  of 
^he  pump,  so  that  the  loa<l  per  revolution  of  wind  wheel  is  liil..')  foot- 
l><>unds.  This  is  hsss  than  the  smallest  load  used  in  testing  No.  27,  viz, 
-22  foot-iX)unds  per  revolution.  A  diagram  was  platted  showing  thc^ 
Useful  work,  in  horsepower,  of  thesi*  mills  for  these  loads.  The  eurve 
wthe  pumping  mill  was  seen  to  start  with  a  littU*  less  wind  veUK'ity 
than  that  of  the  power  mill,  indicating  a  somewUaV  \ev^^  Vv>Vw\  \viv\v\. 


108  THE    WINDMILL.  I«o.C. 

Coraparinj2^  tho  ordinates  of  these  curves  for  different  wind  velocities, 

tlio  followinjc  ratios  were  obtained,  which  give,  approximately,  the 

pump  efficiency,  no  allowance  being  made  for  difference  in  temperature 

and  pi*ossun»: 

8  12 10 20  25  80 

0.60        0.53        0.54        6.54        O.SS        0.58 

Tho  mean  of  these  ratios  is  0.50.  If  the  useful  load  of  the  pumping 
mill  had  been  somewhat  greater,  so  that  the  mills  would  have  started 
at  the  same  wind  velocity,  the  ratio,  or  pump  efficiency,  would  be 
about  60  per  cent,  whi(»h  is  about  what  might  be  expected  of  this  pump 
uiuh^r  this  lift.  The  ratio  of  the  useful  loads  is  125-^-222=0.57.  This 
ratio  would  i)robably  be  about  0.60  if  the  loads  were  such  that  the 
mills  would  start  at  the  same  wind  velocity. 

Comparison  of  16-f(H)t  jmmpiNi/  Aernwtor  {No.  9)  with  IS-foot  jtower 
Aert}iofor  (No.  44)- — The  useful  loml  of  No.  9  (see  pages  36  to  37, 
Part  1)  is  1,013  foot-pounds  per  sti*oke  of  pump,  or  304  foot-pounds  yier 
revolution  of  wind  wheel.  The  smallest  useful  load  of  No.  44  is  528 
foot-pounds  per  revolution  of  wind  wheel.  A  diagram  was  platted 
showing  the  useful  hoi'sepower  of  these  mills  for  these  loads.  For  this 
pai'ticular  load  (1,013  foot-pounds)  the  pumping  mill  was  seen  to  start 
at  a  somewhat  less  wind  velocity  than  the  power  mill,  indicating  that  the 
total  load  of  the  pumping  mill  was  somewhat  less  than  that  of  the  jx^wer 
mill.  The  ratio  of  any  two  of  the  ordinat^es  gave,  approximately,  the 
pump  efliciency  for  that  wind  velocity,  the  difference  in  temperatm« 
and  pressure  being  neglected. 

These  ratios  for  four  velocities  are  as  follows: 

^2  16  20  _     25 

0. 72        0. 67        0. 69       0. 63 

If  the  pump  loa<l  had  been  somewhat  greater — such  that  the  mills 
would  start  at  the  same  wind  velocity — the  mean  ratio  would  be  about 
70  per  cent.  This,  again,  is  about  what  is  expected  for  the  efficiency  of 
this  pump,  whi(}h  is  somewhat  better  than  mill  No.  3  and  has  a  higher 
lift.  The  ratio  of  the  useful  loads  of  t  hese  mills  is  304  h-  528  =  0.57. 
This  ratio  would  probably  be  al>out  60  per  cent  if  the  mills  started  at 
the  same  wind  velocity. 
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interesting  to  compare  the  performance  of  thoHc  niillN  still 
The  speeds  of  the  wheels  and  the  horseiJowers  are  us  foUiiws : 

■on  of  remiltt  for  16-foot  pumpittg  Aermotor  and  SG-foeit  power  Afrmolor. 
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wloa  vein 
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power  mill  (No. 44)... 
f  pBinp  power  to  DilU 

1 1 1 '  I 


tlODOf    I 


be  seen  that  the  wind  wheel  of  tlu'  puininn);  mill  is  imikiii^' 
B  to  two  more  revohitions  per  minute  than  that  of  the  i»owit 

(irison  of  22.6-foot  pumping  mill  (JVo.  SH)  irilh  2^.-'i-fit(it  jminr 
I.  49). — In  this  comparison  we  will  use  the  oiirvo  of  5  jiounds, 
foot-pounds,  per  revolution  of  win<i  wheel  as  llic  spe<fl  for 
d,  corresponding  more  nearly  with  that  for  the  pump  load 
y  other.     The  «i>eedB  of  the  millM  ami  the  horst'i>owei's  are  as 


11  of  TOmUa  for  3:7.!i-fncl  )mmpinf}  mill  nnil  :' .'./^-fiiot  jmj 


mil  wliiwl  ,  llorM'imwi 


Riciencj'  of  the  pump  is,  thej'cfnre,  11 
oof  useful  Ioad.H  is  J:;  \H-r  vvnt.  (1m 
30,  see  pages  5:3  Id  5:i,  I'ait  I.) 
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VKIXICITY  OP  WIND  IN  M1L.K8  PER  HOUR. 
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EFFECT  OF   TENSION  OF   SPRING  ON   SPEED  AND    HORSE 

OF  MILL. 

The  effect  of  tightening  the  spring  which  holds  the  wind 
mill  No.  18  in  the  wind  has  been  shown  on  page  44,  Part  I.     T 
of  a  reduction  in  the  tension  of  the  spring  of  the  16-foot  po^ 

(No.  44)  is  shown  in  fig. 
curve  ao!  is  for  no  load 
spring  new  and  sti  ff .  T; 
aa!'  is  for  the  same  loa< 
and  spring  after  the  i 
been  out  of  use  aboi 
months.  It  will  be  st 
these  curves  coincide 
velocity  of  about  10  i 
hour,  after  which  they  \ 
rapidly.  In  a  25-mile  > 
number  of  revolutions 
wind  wheel  per  minute  1 
reduced  from  64.5  to  5- 
decrease  in  the  tensioi 
spring.  The  curve  hh' 
3-pound  brake  load  with 
spring.  It  will  be  see 
nearly  parallel  to  the  cii 
showing  that  the  effec 
load  when  the  spring  is 
is  similar  to  that  when  i 
We  see  how  important 
tension  of  spring  is  on  the  power  of  a  mill.  It  also  shows 
spring  is  to  l)e  used  in  place  of  a  weight  then*  should  be  so 
way  to  change  its  t^Mision. 

MATHEMATICAL  DISCUSSION  OF  TESTS  OF  TWO  AERMC 

In  this  discussion  the  wind  velocities  are  those  found  by  th 
the  Robinson  cup  anemometer.  A  comparison  of  these  velocit 
true  wind  velocities  will  be  given  later.  The  Aermotors  are 
for  this  discussion  bec'ause  their  power  is  greater  than  that  of  a 
form  of  mill  that  we  have  tested,  and  because  their  s[)eed  an< 
curves  are  derived  from  a  greater  number  of  observations  thi 
of  anv  other  mill. 

Disru.ssujn  of  fcsfs  of  12-foot  AermoU>r  ( Xo.  27). — The  curves 
tlui  number  of  revolutions  of  wind  wheel  (ealhMl  si)eed  curves 
mill  for  four  brake  loads  are  giviMi  on  page*  8S — (iir,  ;{5,     Vau'\\ 
curves  is  s(»en  to  resc^nble  a  parabola  the  axis  of  which  is  th( 
dinat<»  axis  on  which  the  wind  velocities  an*  iiuirk(Ml.     Each  < 
Jj/is  iho  form  f/'^  =  ((  -j-  hx,  in  which  .r  is  the  \v\m\  viAwUy  in  n 


Fiu.  57.— Diagram  Huowiut;:  offect  of  tension  of 
spring  of  mill  No.  44— 16-foot  Aermotor.  Curve 
aa'  is  for  no  load,  spring  new  and  stiff;  cut"  is 
for  no  load,  spring  relaxed,  mill  having  been  out 
of  use  eight  months:  W  is  for  3-pound  brake 
load  with  relaxed  spring. 
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hour,  y  the  speed  of  wind  wheel  in  revolutions  per  minute,  and  a  and 
6con8tant8.  For  the  curve  of  no  load  (0)  we  have  //  =  50  when  jr  =  12, 
«D(1  (/  =  75  when  x  =  20.     Hence  we  have 

502  =  (/  +  12&,  and 
752  =  a  -I-  206. 

Solving  these,  for  a  and  h  we  have  a  =—  2,1S7  and  h  =  301;  and  thr 
equation  of  the  curve  is 


i/2=  -2,187 -I- 3111 X. 


(1) 


For  the  speed  curve  of  2  pounds  we  see  that  //  =  43  wIumi  .r  =  12,  and 
that  y  =  70  when  ^  =  20.     Hence  we  have 

43*  =  a  +  I2h,  and 
70*  =  a  -I-  '20h. 

Solving  these,  we  have  a=  —2,728  and  />  =  3si;  and   we  havo  the 
equation  of  this  2-pound  curve 


if  =  -  2,728  -f  381x. 


(-^) 


ftt)ceeding  in  a  similar  way,  wo  have  for  the  <M[uati<>n  of  the  4-p<>iiii(l 

curve 

if  =  -  4,384  -f  424.I-.  (3) 


Por  the  equation  of  the  G-pound  curve  we  have 

1/=  —  ll,4(H)  -h  5()o.r. 


(4) 


The  speed  as  determined  by  nieasurenuMit  and  as  found  from  those 
^'^luations  for  several  wind  velocities  is  shown  the  following  table. 

The  starting  velocities  are  found  by  making  //  =  <>  and  solving  for  .r 
*ti  equations  1  to  4. 

T'ablf  siiowing  revolutions  jH'i'  TJiinutc  of  7  j-f oof  Afnnotor  ( .V<>.  J7)  toulcr  differ^  ac 

lodaaand  nt  diffeirnt  irind  rehK-ifie.s. 


No  load.  :i  pouiul  l<»;id.      4-i)<)UU(l  l<»ii(l.       »>  ])oiiU(i  hnn\. 


Wind  velocity  per  hour. 


MeoH 


Com-  i  M<?as-     Com-      M»'us-     Com-      Mcuh-        (■r)m- 


ured.    putod.     un-d.     imt«*d.     un'd,     i)uted.     un.'d.       putr'd. 


1 


S  miles 

I    12  miles 

16  miles 

20  miles 

25  miles 

Starting  velocity 


fif'V. 

30 
40 
0:} 

7.") 
87 
4.5 


h'rr. 
30 

oO 
(>4 
75 
H7 
i).  ii 


h'rr. 

10 
43 

•  X 

70 
81 


0 


h'<  r. 
IS 
43 
58 
70 
82 
7.1 


A'rr.    AV  I'.    Rev. 


23 

48 
05 

10.2 


27 


49 
(>4 
78 
10.3 


12  , 
50 
72 
15.3 


10 
50 
74 
15.8 


If  the  origin  of  coordinates  for  e(ination  1  be  moved  to  tlie  point 
^here  the  curve  crosses  tho  nxis  of  .r,  tin?  equation  v^VW  \)\vviw\>^>  v>l  \\v^ 
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form  y^=^:i91x',  from  which  we  have  y^-  ^391x';  that  is,  the  speed 
for  a  constant  load  increases  as  the  sqaare  root  of  the  wind  velocity. 

The  close  agreement  between  the  measured  and  computed  speeds^ 
especially  for  the  curve  of  no  load,  is  noticeable.  The  measured  and 
computed  starting  velocities  differ  somewhat.  This  was  expected, 
since  it  is  difficult  to  get  the  starting  velocities  from  observation. 

Hereafter  in  this  discussion  the  computed  instead  of  the  observed 
speeds  and  stai'ting  velocities  will  be  used.  It  must  be  remembered, 
however,  tliat  these  are  not  what  may  be  called  theoretical  results, 
lliey  are  obtained  from  measurements,  not  from  theory,  and  are  the 
adjusted  values  of  the  observed  quantities. 

The  power  curves  for  this  mill  for  three  brake  loads  were  platteil,  but 
ai'e  not  published  because  of  lack  of  space.  The  curves  are  parab- 
olas with  their  axes  horizontal.  This  follows  at  once  from  the  fact 
that  the  corresponding  speed  curves  are  parabolas.  The  power  is 
proxx)rtional  to  the  product  of  the  load  and  speed.  When  the  loa^l  is 
constant,  as  it  is  for  one  of  these  speed  curves,  the  power  varies  as  the 
speed,  and  hence  the  load  curves  are  parabolas. 

The  equation  of  any  one  of  the  curves — jis,  for  example,  the  2-pound 
curve — may  be  found  as  follows:  The  formula  for  horsepower  is 
fl.  P.  ^2  7r  RuL  -j-  33,()00,  R  =  35.5  -^  1 2  and  L  =  2.     Hence  II.  P.  = 

L>  X  22  V  7  X  <)  X  35.5  xUxu-^r  l2~x"33;0(>0  =  0.0067i^  =  Ku.  where  A" 
=  ().(X)07. 

In  the  speed  equations  v  is  what  we  have  called  i/,  and  t/  =  —  2,728 
-I-  3Sl.r.     Hence— 

H.  P.  =  Ky  =  AV  -~2  J28~-f  .3S Lr,  and 

(II.  V.y  =  iT^  ( -  2,728  ^-  381 J-)  =  -  0. 1225  -f  0.017ir.  (5) 

In  tli<»  diagram  of  power  curves,  platteil  but  not  reproduced  here, 

the  curve  of  maximum  power  was  found  to  resemble  a  parabola  the 

axis  of  which  was  vertic^al  with  its  vertex  on  the  y  coordinate  axis  lielow 

the  origin.     The  form  of  its  equation  is  j^  =  a  -h  by^  x  being  the  wind 

velocity,  in  miles  per  hour,  y  1  he  horsepower,  and  a  and  b  constants. 

For  J-  =  5,  y  =  0,  and  for  .r  =  20,  y  =  1.05.     Substituting  these  values 

in  the  above  equation  we  have:  25  =  a,  ami  4(K)  =  a  +  1.056.     From 

these  we  have:  a  =  25,  6  =  357,  and  the  (equation  of  the  maximum 

power  curve  is — 

.r2  =  25  +  357?/.  (r>) 

For  J"  =  5,  10,  15,  20,  and  25,  //  has  the  valuers  0,  0.21,  0.50,  1.05,  and 
1.01),  which  agree  closely  with  those  taken  from  the  curve. 

For  the  mill  to  yieUl  the  greatest  amount  of  power  i)ossible  the  load 
should  increiuse  as  the  wind  velocity  inifreases.  In  an  8.5-mile  wind 
a  2-pound  load  gives  the  maximum  power;  in  a  14-mih^  wind  a  4-pound 
loml  gives  the  maximum  power,  and  in  a  21-mile  wind  a  6-i)Ound  load 
irives  the  maximum  j)ower. 

wish  to  determine  how  the  loa<l  and  s\hhhV  o^  Ww.  wvvWx^t^^  NqVCcv 
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the  wind  velocity  for  the  curve  of  inaxinniin  i)ow<m\  The  l()a<l  (Mirv(\s 
were  found  to  be  tangent  to  the  curve  of  maximum  j)o\v(»r  Utv  loads 
and  velocities  about  as  follows:  Tlie  0  curve  is  tanj^cut  at  ./•  =  5,  the 
2-ponnd  curve  at  a^=  8.5,  the  4-i>ouml  curve  at  ;r  =  21.  For  a  con- 
stant increment  of  2  pounds  in  the  load  the*  increment  of  wind  vehwit y 
changed  from  3.5  miles  to  7  miles.  Hence  the  velocity  increases 
faster  than  the  loading.  For  each  of  these  four  points  on  tli<»  curves 
the  load  and  horsepower  are  known.  Hence  we  can  find  the  number 
of  revolutions  from  the  equation — 

H.  P.  =  2  X  TT  X  /?  X  <-.  X  4  X  L-^  ;^3,000.  (7) 

The  wind  velocities,  loads,  powers,  and  8])eeds  for  tlu^se  four  points 
of  tangency  are  as  follows: 

Data  reQarding  points  of  tangency  of  poxcer  enrres  irith  currts  of  nui.i'inmm  jxnrcr 

of  Aennotor  No,  :J7. 


Wind  velocity  per  hoar. 

Loa<l. 

Hors«»iM»w<»r. 

-        _ 

0 

0.  i;j 

0.  50 
1.15 

Revolutions 
|)or  minute. 

5  miles    

FttuiulH. 
0 
2 
4 

r> 

0 

8.5  miles 

19 

14mile8 

21  miles 

57 

Thospeecls,  in  revolutions,  iis  here  jriven  an*  platttMl  in  (i^.  »*55,  ^iv- 
in^'the  curve  PQ^  whicli  is  the  simhmI  eiirvi*  for  inaxiinum  powc^r.  The 
proper  load  for  maximum  power  can  now  Ix*  found  for  any  wind  veloc- 
ity from  equation  7,  the  speed  bein»i^  taken  from  this  s^mmmI  curve. 
The  rntio  of  the  speed  at  maximum  load  to  the  s|)eed  at  (>  loa<l,  for 
tlif*  wind  velocities  10,  15,  and  20  miles  an  hour,  is  ().•>:>,  n.7(),  an<l  0.74, 
''''MiK*ctively,  showing  quite  an  in<*reas(\  The  tollowrn«r  table  ;;iv(\s 
H<lflitional  information  in  regard  to  sp^mmI  and  load  for  thr  cui-V(»  of 
niaxim  um  jwwer : 

Data  regarding  speed  and  }o(ui  far  curve  of  ma.nnmut  ponwr  nf  Afnnotar  Xa.  J7, 


Wind  velocity 
per  honr. 

Load  p*»r 

revolution 

of  wind 

wheel. 

0 
2.1 
4.0 
5.9 

Revolu- 
tions iH?r 
minutu. 

L      L'. 

1    S       S'. 

1 

I.s. 

1 

LS 

L'S'. 

1 

5  miles 

10  miles 

15  miles 

20  miles.... 

0 
25 
41 
55 

2.  i 

1.9 
1.9 

25 

i<; 

14 

52.5 
HW).4 
:}21.5 

52.  5 
107.9 
1154.  1 

1 

1 

55.  4 

50. 2     1 

The  fourth  column  giv<»s  the  differenc^es  luMween  the  succ(\ssive 
^^ls,orthe  increments  of  h)a<iing.     These  are  s<hmi  to  <lecreasesoni(»- 
^hnt,  showing  that  the  load  does  not  increase  (iuit<»  as  fast  a,s  the 
wind  velocity.     The  fifth  oohunu  gives  the  diftevewees  \yv\nvv^v^\\  \\w 
ffuceefifiive  speeds,  nnd  shows  thul  t\w  si)eed  does  uoV  u\eYvn\sv  vvvoiV^ 
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as  fast  as  the  wind  velocity.  The  sixth  column  gives  the  products 
the  loads  and  speeds^  which  is  proportional  to  the  horsepower.  T 
seventh  column  gives  the  increments  of  horsepower,  the  eighth  c 
umn  the  difference  between  the  figures  in  the  seventh  column.  The 
being  nearly  constant,  show  that  the  curve  of  maximum  power  is 
the  second  degree. 

The  following  table  contains  a<lditional  interesting  information 
regard  to  the  speeil  of  this  mill : 

Data  in  regard  to  speed  of  mill  Ao.  i*r — l^-foot  Aermotor, 


1 

Wind  velocity  per 
bonr. 

ReTdQ- 
tionsper 
minute, 
no  load. 

d  miles 

12  miles 

10  miles 

20  miles. 

2.")  miles 

30 
49 

es 

75 

87 

i   Cirmmfer- 
ence  velocity, 
in  miles, 
no  load. 


.  Ratio  of  cir-  Bevoln* 

dunference  tionsper 

velocity  to  minute  at 

wind  velocity,  maximum 

I      no  load.  load. 


12.9 
21.0 
27.0 
32.1 
37.3 


Ratio  of 

speed  at 

maximum 

load  to  speed 

at  no  load. 


0.57 
0.65 
0.70 
0.72 


The  results  obtained  from  this  12- foot  mill  may  lie  stated  as  folio 
in  terms  of  cup  anemometer  velocities: 

(1)  The  s|)ee(l  of  the  wheel  for  a  (»onstant  lowl  varies  as  the  si^ii. 
root  of  the  wind  velocity. 

{'2)  The  siM*e<l  of  the  whc^^l  for  maximum  load  increases  sligh 
faster  than  the  first  power  of  the  wind  velocity. 

('5)  The  jjower  of  the  mill  for  a  constant  load  varies  as  the  squi 
root  of  th(»  wind  velocitv. 

(4)  The  maximum  power  of  the  mill  varies  as  the  square  of  t 
wind  velocitv. 

ft 

(5)  The  load  for  inaximiiin  ])ower  does  not  increase  quite  as  fa,«it 
the  wind  velocitv. 

ft 

(G)  The  ratio  of  speed  for  niaxiinuni  load  to  the  speed  for  no  lo 
inereas<*s  somewhat  witli  the  wind  velocMtv. 

/>Lsru,s.si()n  of  i est. s  of  J^)-foof  Aennotor  Xo.  44. — The  ai>e(Ml  ciin 
for  this  mill  are  shown  in  fig.  42.  They  are  seen  to  resemble  t 
I)aral)olas  with  horizontal  axis.  The  equation  of  each  has  the  foi 
y'^=^fi+h.r,  II  bcMug  the  six^ed  in  revolutions  per  minute,  x  the  wii 
velocity  in  miles  ixn*  hour,  and  o  and  h  I )ein^  constants  for  anycun 
We  s<H»  that   for  .r=12,  //='5H,  and  tliat  for  .r=2(),  7/=56.     Hence 

have 

3s2=o  +  12/>,  and 

r)(r=f/-f  2()/>. 

Solvinj^  the.s(»  equations,  we  have  a  =  —  1,01)4,  />=211.5,  and  the  eqn 
tioii  of  tin*  n()-h)a(l  spiked  curve  is 


y/=  — l,rH»4  +  2A\.5x. 
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Prooeeding  iii  h  similar  way,  we  have  for  the  iHiiiatioii  of  tho  3*]mmi ihI 
loftd  speed  curve 


y«=-l,70O-|-214.5j'. 


(iO 


For  the  5-i)onnd  load  we  have 


t/«=-i\:iiU+212.r. 


(1<») 


For  the  8-pound  load  we  have 


i/'=-.2,715+107,r. 


(in 


The  speed  and  starting  velocities  as  coniputtMl  from  tliese  eciuaiion.s 
and  as  found  b}*  measurement  are  as  follows: 

Speed  and  starting  velocities  for  JO-fiXit  Aennotor  Xn,  4^. 


1 

Wind  Telocity  per  hnnr. 

1 

No  load.        3-i>ound  load. 

5- pound  load.       S-ixm 

ud  linid. 

1 

Meas 
ared. 

Com-  1  Meas- 
puted.    arod. 

24.0    

Com- 
put4»d. 

Moa8- 

urwl. 

C'om- 
putod. 

Mww- 
iirtni. 

(-'om- 
pntiHl. 

H  miles 

23.0 
38.0 
48.0 
56.0 
64.5 
4.5 

• 

12  miles 

38.0  ■  28.0 

28.6 

13 

15.6 

16  miles 

48.0     41.0  '  40.0 

56. 0     50. 0     50. 0 

65.0     5y.O  1  60.0 

5.1       8.0  ,    8.3 

33 
44 
54 

11 

33.  0 

IC.O 

20.  0 

20  miles 

44.0 
54.0 
10.0 

m.  0 

47.0 
14.5 

35. 0 

35  miles 

Starting  velocity.. 

47.0 

13.8 

1 

IV  computed  values  are  .seen  to  ap'co  (»lo.s<»ly  with  th(^  iiH^asim^d 

values,  so  that  these  speed  curves  are  paraholasof  th(»  form  //=  ^/n  +  h.v. 
Thei)ower  curves  shown  in  lij;.  43  are  parabolas  of  this  form  for  the* 
reason  given  for  the  eorrespcmding  ease  of  the  li^-foot  Aermotor.  The 
curve  of  maximum  power  to  whieh  thesi*  power  curves  are  tangent  is 
aparabola  with  its  axis  vertical.  ItscHiuation  has  the  form  ,r=a-\-hi/. 
We  may  obtain  thedata  for  (indinir  the  value  of  a  and  h  by  obs<'rvin^ 
that  when  ic=  10,  7/=0.30;  and  that  when  ./-^-Jo,  //=l.5r). 

We  have 

l(>'=a+().;jo/^  and 

i>()*-i=f/-f  1.5.V>. 
Solving  these,  we  havea  =  2S,  //=l*4(>,  aiid  tlie  equation  of  tli<MMirve  is 


.;••-•= l>S-fL>4()//. 


(1-0 


Tlie  values  of  ?/  for  four  values  of  ./•  are  .r=>>,  //=!''>;  i' =  1-,  //=(). 4S; 
■^=10,  y=z{).[)5;  and  .r=20,  77=1.55.  It  will  be  seen  that  these  values 
^ree  closely  with  the  measiiriMl  hors(^i)ower  for  the.s<»  velocMties.  l>y 
wiakinga;=0  in  equation  12  W(^  liave  y=  —0.125.  Tlu*  v<»rtex  of  this 
Maximum  power  curve  is  at  a  di.stanci^  0.125  Ixdow  th(»  axis  of  ./•.  If 
^he  origin  of  coordinators  b(»  (fhang<Ml  U}  this  po\u\.,  ei\\\aV\vm  \^1  nn\\\ 
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take  the  form  jr^=^K  y .  JC  being  a  constant  and  t/  the  hoi 
referred  to  the  new  origin.  Hence  we  i^ee  that  the  maximui 
power  varies  as  the  square  of  the  wind  velocity. 

To  find  the  variation  of  the  speed  and  load  for  this  eur\'e 
notice  that  the  3-xx>nnd  curve  is  tangent  at  jr=10.5,  the  5-poni 
at  jr=14,  the  $-ponnd  curve  at  x=19,  and  the  11-pound  curve  i 
The  horsepower  is  known  at  these  points,  so  that  the  speet 
found  from  equation  7. 

The  wind  velocity,  load,  horsepower,  and  speed  for  each 
points  are  as  follows: 

Data  regarding  points  of  tangtncfi  of  power  m mn  with  curves  of  majrim 

of  Aermoior  Ao.  ?r. 


Wiod  velocitT  per  boor.  IxMd.  Horaepover.     ?f  J^' 

I  porm 


5mi1e8 ;  0*  |  0 

10.5mile8    3  0.83 

Umiles i  5  0.70 

19milee '  «  1.40 

iMmilee 11  2.17 


'ITie  speeils  hen*  found  are  platted  in  fig.  42,  giving  the  cii 
which  gives  the  speed  of  the  wheel  for  the  maximum  load.     Tl 
is  seen  to  l>e  a  nearly  straight  line  for  velocities  above  9  or 
an  hour.     Hence  we  may  say  that  the  speed  increases  as 
power  of  the  wind  velocity  for  maximum  power. 

The  load  for  any  wind  velocity  can  now  be  found  from  the 

H.  P.  =  boTv^jy?  the  si>eed  l)eing  taken  from  the  spee<l  cm 

Or  th<»  loads  can  bo  measiire<l  from  the  load  curve  i?S,  fig.  4 
load  curve  ( RS)  for  maximum  power  is  siM?n  to  Ik*  a  stniight  lin 
ing  that  for  wind  velo<»ities  above  *.>  or  1<>  miles  an  hour  the 
nmximum  power  varies  nearly  as  the  first  iK)werof  the  wind  ^ 
The  following  table  contains  some  interesting  fact,s  in  regai 
working  of  this  mill: 

Tkita  in  regard  to  si^eed  of  mill  Xo,  44 — l^^'-foot  Aennotor. 


No  load  Maximum  load. 


!        TTTin^l  trnlrvnif  V  Ratio  of  Ratlo  of 

i  J  ^  .,«             n^^^^ir.  Circum-  ;  cirriim    ,  i5„^„i„    '  Circum-  circnm 

I         per  hour.            .^fjoj^;  ferenre  ferenoo    .^fJJV";    fereiKv  ference 

,tion8per  ^.^,^j^^.  ^^,,^.i^^   turns ;>t^r 


H 


I 


minute    ^  ^*^^*^»'>'     ^**'^'*^y     minute     ^'*^^*'*'^^5'    velocity  ,  s 
""»"^-    in  miles,    to  wind     ""^ute.    j^^  ^^jj^^     ^^  ^^^^     ^ 

velocity.  velocity,  i 


s  miles 

12  mileH 

1(5  miles 

20  miles 

ii?  inJJea 


23     i     13.2     ,     1.67  15  8.6         1.08 


<v». 


38 
48 
56 
64 


21.7  1.81  23  13.2  1.10 

27.4  1.71  29  !     16.6  1.04 

32.0  1.60  ;        34  i     11).  4  0.97 

36.6  1.40  \        W  1\A  0.86 


\ 
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It  will  be  seen  that  the  ratio  of  the  pirfiiiiifi'reiu 
rteel  to  the  wind  velocity  iuereases  to  IJ  miles  iii 
decreatieH.     In  a  12-inile  wind  the  circutnferena*  of  1 
iiqcl.Sl  times  faster  than  the  wind  that  driven 
it.   It  will  \>e  seen  also  that  the  circn  inference      1 
Telocity  of  the  wheel  when  earryiny  tlie  max-       ', 
inmin  load  in  abuut  equal  to  that  of  the  wind        \ 
ibat  drive»  it,  au<l  that  the  Hpee<l  of  the  wheel 
when  parrying  a  maximum  load  is  about  .'111  imt 
wnt  less  than  it«  speed  when  earrjinj;  no  use- 
IdI  load. 


It  in  not  our  purpose  to  discuss  this  ai-tiim 
from  A  theoretical  point  of  view,  but  to  i-xplairi 
it  from  the  observed  and  computed  n-sults  of 
tbi'  lC-fi)ot  Aermotor.  Fig.  58  shows  the  e(in- 
laveiiurfaee  of  one  sail  of  a  Iti-foot  Aennotoi-  in 
»  nearly  honzontal  position  as  it  uKives  (l<iwii- 
»»nl;  HTepresentstlieveloeityof  the  wind, aii<l 
'■the  circumference  velocity  of  the  sail.  The 
»t\iiJAE,  fig.  511,  shows  the  outer  end  of  the 
>Ailand  ttj,  in  fig.  tK),  shows  the  inner  end.  Tlie 
conlsof  these  ares, 
or  the  [ilane  of  tlie 
.sail.makes  an  angle 
{JOP)  of  ;j(J  will, 
the  plane  of  tlie 
wheel.  Tlie  point 
K,  fig.  r,it,  n-pre- 
sents  a  iwrlicle  of 


h.a.i;  J-:F  i 
wind.  Kin 
s;ail;llien 
lelograni 
ll.ev.-Ioci 
sail;    f.Y,' 


ly  of  ihe 
ind  then 
1  is  inov- 


poi 


t  A  n-i.n 


,  i.a 


iele 


iitael 


comes 

when  Ihe  mill  is  < 
'^presents  the  relative  velocity  of  the  pai-ticle 

Ihal  the  air  does  not  cnlM-  the  sail  tangent  U>  it,  \)\\\  movt  A\ww."cVg 
''BgeM  for  beat  loatl  limn  for  no  ioad. 


loving  sail, 

carrying   no  hiad;    AC 

It  will  lie  seen 
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In  fig.  60  t  repn'seiits  a  particle  of  air  as  it  strikeH  the  inner  < 
the  sail  when  the  mill  \h  carrying  iio  load,  and  a  represents  a  p 
of  air  as  it  strikes  the  inner  end  of  the  sail  when  the  mill  is  ca 
its  maximum  loail.  It  will  be  seen  that  the  air  does  not  strike  tl 
tangent  to  it  at  any  place  for.any  load,  but  that  it  is  most  near] 
gent  at  the  outerend  of  the  sail  at  maximum  load.  In  order  for  1 
to  enter  the  sail  tangent  to  it  at  maximum  load,  the  angle  POJi 

l)e  a  little  greater  than  30°  at  the 
end,  and  considerably  greater  than 
the  inner  end.  As  the  load  is  dec: 
the  angle  POJ  should  be  decrease^ 

USEFUL  WORK  OF  TWO  POWER  1 
IN  A  GIVEN  TIME. 

We  can  find  the  useful  work  of  t 
foot  and  the  16-foot  Aermotors  in  « 
as  we  have  for  two  pumping  mills  (j 
71).  For  this  purpose  we  will  ui 
mean  wind  movement  at  Dodge,  K 
from  1889  to  1893,  as  given  by  Mr. 
L.  Moore,  Chief  of  Weather  Bu 
The  mean  number  of  hours  per  i 
that  the  wind  velocity  was  0  to  5,  6 
etc.  miles  an  hour  at  this  plac*e  is  given  in  the  following  tabl< 
the  mean  horsepower  of  these  two  mills  for  each  month.  The 
ber  of  horsepower  hours  for  each  mill  each  month  is  given 
bottom  of  the  table.  The  horsepower  hours  for  any  mont 
found  by  multiplying  the  number  of  hours  by  the  horsepowt 
adding  the  products. 

Table  sfiowing  u.'ieful  work  of  r2-foot  and  Kl-foot  Aennotors  in  a  yeai 


Fiu.  60.— Inuur  end  of  sail  of  16-foot 
Aermotor. 


Month. 

Mea 

0to5 
miles. 

n  wind  movei 

1 

6  to  10  11  to  15 
miles,  miles. 

nent  at 
rt89-18R3 

16  to  20 : 

miles. 

1 

Ura. 
74.4  i 
74.4  1 
119.0 
115. 2 
119.0  ; 
108. 0  ! 
119.0  j 
9tl.7  1 
93.6 
74.4 
64.8 
81.8 

t  Dodije.  Kan 

Lsas, 

31  + 
miles 

Ura. 

7.4 

6.8 

22.3 

43.2 

29.8 

28.8 

7.4 

7.4 

21.6 

14.9 

14.4 

7.4 

Total 
hours. 

744 
677 
744 
720 
744 
720 
744 
744 
720 
744 
TO) 
744 

Horsepc 
hour 

21  to  25 
miles. 

20  to  30 
miles. 

Hra. 
14.9 

12-foot 
mill. 

11 

Jannary 

SOU.  9 

Hra. 
253.0 

Hm. 
156.2 
128.6 
178.6 
158.4 
171.1 
136.8 
178.6 
156.3 
151.2 
141.4 
12tK6 
141.4 

Hra. 

:)7.2 

260.5 
251.6 

February 

176.0     3)0.1 
136.5     208.3 
115.2     172.8 

40.6      20.3 
59.5      29.8 
?2. 0      4:^.  2 

March 

386.6  ' 

April 

461.2 
43:19 
452.0 
339.8 
297.5 
379.6 
294.0 
244.9 
262.2 

I 

Biay 

119.0 
122.4 
U1.4 
178.6 
1(V5. 6 
208.3 

193. 5 

187.2 
215.8 

2:«.6 

180.0 
230.6 

74.4 

37  2 

I 

Juno 

July 

AugUHt 

m.  4       50.  4 

59. 5  22. 3 
i^K5  1    14.9 
?2.0      3»V0 
52. 1       22. 3 
36.0  1     14.4 

44.6  14.9 

1 

September 

October 

) 

November 

194. 4  i  266. 4 
186.0  1  287.9 

; 

December 

Mean 

337.8 

Horsepower  16- 
foot  mill 

0. 13 
0. 10 

0.56 
0.41 

1.25 : 

o.a5 

^ 

2.00 

3. 

15 
12 

Horsepower  12- 
foot  mill 

1.36 

o 

/ 

1 

^Some  Climatic  Features  of  tho  Arid  Region,  by  WiWis  \*.  "M.oor^.    "^««Jti\si^sX«viN V 


HiKfHY.I  MATHEMATICAL    DISCUSSION.  Ill) 

Th**  work  clone  by  these  mills  is  |^real<»st  at  this  phire  in  April 
(4iW  hi»i*8ejH)wer  hours  for  the  12-foot  hihI  ♦ITl  horseiM»wer  hours  t'or  the 
l»>-f<M)t)  and  h^ast  iu  November  (245  hoi'sei)ower  horn's  for  the  1  J-f<M»t 
am]  ;J.il  horst»power  hours  for  the  10-fiM)t).  The  mean  monthly  power 
i>:>:is  for  the  12-foot  mill  ami  488  for  the  lii-f(K)t  mill.  Statinjr  these 
ivMilt.s  in  another  way,  we  may  say  that  tin*  12-foot  mill  at  this  plaee 
will  furnish  on  an  avem^e  1.3  horseixiwer  10  h<nii*s  a  day  for  2«'»  days 
a  month,  and  the  10-foot  mill  will  furnish  l.!»  hors«»power  1(»  hours  a 
day  fur  20  days  a  month.  It  must  1h»  rememlHM*e<l  that  tin*  win<l 
velocity  on  the  Great  Plains  is  considerably  ;rreater  than  in  the  east- 
ern part  of  the  L^nited  States,  and  that  eonse<iuently  the  horsepower 
hours  of  these  mills  when  us<hI  in  New  York  State,  for  (»xaniple,  will 
bf  <-ousi<lerably  less  than  those  given  in  the  foregoing  table. 

MATHEMATICAL  DISCUSSION  OF  TESTS  OF  JUMBO  MILL  NO.  55. 

On  page  -40  we  have  given  the  n\sults  of  tests  of  a  1  *)./)-foot  Jumbo 
mill  working  two  6-ineh  pumps.  In  onler  more  fully  to  d(»ter- 
mine  the  jwwer  of  this  mill  and  its  variation  with  the  nunilxT  and 
i'ize  of  the  sails,  we  have  had  eonstrueted  mill  No.  m,  shown  in 
PI.  XVI,  B,  It  is  made  of  wood,  the  parts  being  fastened  together 
with  liolts.  The  diameter  is  7.75  feet ;  length  of  sails,  1 1  ^,  feet .  Then^ 
iireSsails,  each  made  of  two  boards  IH  feet  long  and  s  inches  wide. 
There  is  no  governor  or  other  metluMl  of  regulating  the  sp(H*d  of  tlie 
mill  at  high  wind  veloeities,  as  in  other  mills,  but  there  is  a  large  door 
or  shield  on  each  side.  By  opening  th(»se  the  mill  maybe  stop]MMl. 
The  mill  is  not  fastened  to  tin*  ground,  but  may  be  mov(Hl  aroun<l  by 
hiind  so  that  the  wind  strikes  the  sails  al  right  aiigh's.  The  shaft  is 
Ihy  4  inches  and  14  feet  long,  carefully  turned  down  in  a  lathe  to  a 
tlijimeter  of  '3  inches  n<»ar  ea<'li  (mkI.  The  friction  brake  is  of  wood, 
has  an  arm  alK)ut  .*U  feet  long,  and  is  made  so  as  to  lit  on  the  end  of 
theshaft.  Oil  was  freely  usimI  on  the  l)i*;ike.  Il  was  not  found  practi- 
cable to  use  loads  gn^ater  than  about  '*»  pounds  on  a  .'}.')-inch  arm,  as 
the  frietion  burned  tin*  shaft;  but  the  results  for  the  foui-  loads  ummI 
showed  that  up  to  the  nrnximuni  loa<l  the  speed  of  tin*  wheel,  or  the 
number  of  n?volutions  p(»r  minute,  vari«*s  directly  as  the  loa<l,  so  that 
ve  can  eiisily  compute  the  load  and  spccMJ  for  niaxiniuni  power  in  any 
win<l  vtd(H?ity.  The  weight  of  the  wheel  with  its  S  sails  was  about  I')!) 
iHnnuls.  The  coelHeient  of  axle  friction  for  well-oih*d  yellow  pine  is 
probably  alxnit  0.10,  so  that  the  axle  friction  was  .ibout  I-'*  pounds. 
This  weight  (45  pounds),  a(^ting  with  a  l.Uin<*h  arm,  is  eciuivalent  to 
«l)f>nt  '2  ixmnds  applied  on  the  brake  with  a  .Jo-inch  iirni.  The  friction 
on  starting  is  probably  M)  to  inn  per  cent  gn»ater  than  tin*  friction  of 
^notion.  The  0  brak(*  load  then  really  corresponds  to  a  brake  load 
^f  -  or  more  jK^unds. 

Four  sets  of  tests  were  nui<h»  of  this  mill,  numb<M*ed  1,  2,  'J,  and  4. 
^  the  first  set  the  full  sail  nren  of  H  sails,  eairh  1  \^  KhA« \^y  \vN  \\\v\ivit»i., 
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ivo. 


was  used.  Tho  nuinlier  of  n»V4)lutioii8  of  the  wheel  for  the  four  brake 
lo^uls  of  o,  1.75,  2.5,  and  4.5  im>uiu1s  was  determined  for  vehxrities  from 
7  to  2:2  iiiil(»s  an  liour.  In  tlie  second  set  of  tests  there  were  8  sails, 
each  havinjr  an  an»a  of  114^  feet  by  8  inches;  that  is,  each  sail  whs 
only  half  as  wide  a,**  those  used  in  the  first  set  of  tests.  In  the  third 
set  of  tests  the  sail  area  consisted  of  4  sails,  each  11^  feet  by  10 
inches;  that  is,  every  other  full  sail  wjis  riMnoved.  The  fourth  s<*t<»f 
t(*8ts  was  ina<h'  to  determine  the  effect  4)f  concentrating  the  air  on  the 
sails  and  redueinjjr  the  resistance  ilue  to  air  striking  the  shield  aii«^l 
glancing  ui)waixl  by  the  use  of  an  inclined  sui*face  of  approa<*h  to 

wheel.      This   inclin<*<l 

VKIAX'ITY  OF  WINO  IN   MILKS  I>KK  IIOVll. 

10  15  -I 

6( 


'?5 


o 

} 

^ 

-^f^ 

-. 

1 

c 

surface  had  a  length  f^'C 
7  feet  and  fonned  a<i 
angle  of  11**  with  tUc 
hori7X)ntal. 

Te^i  No.  l.—ln  P\  • 
XVI,  By  the  mill  ±^ 
shown  with  8  sails,  em-  "• 
11 J  fe<?t  by  10  in<*her^^ 
Fig.  01  shows  the  nun  ^ 
ber  of  revolutions  c  .^^ 
the  wheel  per  half  luil 

of  wind  for  two  loads 

0  and  4.5  pounds — on  ^^ 
35-inch  ann,  for  th  -* 
wind  velocities  shown.  TIk^si*  curves  for  a  mill  without aiiv  means o 
governinjj:  in  liii!:h  v<»locitics  an»  giviMi  for  comparison  with  cur\'es  o 
mills  having  a  governor.  It  will  1m»  seen  that  these  curves  are  nearl^^ 
horizontal  straight  lines  beyond  the  point  of  maximum  revolution^-** 
l)er  half  mile.  Thus,  for  no  brake*  load  the  iwolutionsat  12  milesarc::^ 
about  Ol^  an<l  at  -5  miles  about  oU.  In  a  mill  with  a  governor,  hs,  forr:^ 
instan<*e,  that  shown  in  1i^.  .'{♦"»,  the  curve  is  more  inclined,  or  the  dro]^ 
in  the  number  of  revolinions  is  jjrrealer. 

Fig.  02  siiows  the  number  of  revolutitms  ^K^r  minute  for  several 
loads,  lig.  0^5  shows  the  horsepower. 

The  nvsulls  of  tlu^se  tests  are  as  follows: 


H 
H     . 

s  a 

h  = 

n 

K 

Fk>.  ill.  l>iuKi'uiii  Hbowiut;  rovolutiouN  uf  wind  wlicctl  uf  mill 
No.  ,V>-  -7.75-fiKit  Jnmix).  Curvn  inarki'<1  0  is  f<ir  in»  brako 
louU;  curve  marked  \\S»^  for  a  brake  loiul  of  4.5  i>ouiidfl. 


ItesuUs  ttf  tests  nf  Jumln)  mill  Ao.  .*.7  with  s  Mails  ij^  feet  by  lf$  incheM, 
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From  thesf  rpRHltfl  itisstH-n  that  the  n'fi»«tiim  in  tin-  niiinlirr  of 
reri>liitioiis  jht  iiiiiiiite  is  pnijiortioiiiil  to  the  loail.  Kur  <-\aiii|il<\  in  a 
^>-mili^  wind  a  4^-iHiiind  hmd  n>(lu(>«s  tlio  iiiiiii)h>i-  of  tcvulnt ions  f i-oiii 
41  Ii):U,  or  1.7.1  n'voimions  p<^r  hrako  iHiniiil.  'I'lic  [Mnvf-r  =  L'rr  /»'»  /,  -j- 
.■W.i">i,  when-  n  =  t\iv  iiiimbnr  of  r<«volutions  of  ilii' wtn-d  [mt  iniiiiile. 
/.  =  Ihe  load  on  hi-ako,  in  |)oitn<lH,  H  =  llic  arm  of  l>riikc  (:>'•  iiM-hcs), 
7  =  3.1410,  anil  :i;i.lMN|  =  tho  nninlior  nf  fool-tKinnds  [>i-r  ininu1<-  in  a 
h(irs*?I)owt'r.  \\>  nmy  write  the  ixiwerlhns:  /'=  ICiil..  ami  iiiinjuiii' 
it.s  value  11.S  follows,  AT  being  a  L-onsl»nl  e(|iial  lo  -^jtH  -^  :i;i,inin: 

i^,  =  A'X41  (revolntions)  X  D  {/-.)=  >' 
Pi  =  A'  X  33  (revolotions)  x  l.";  {D  -  1IM..1A'. 
/'.  =  A'  X  36  (reyolntions)  x  «.-'■  [L\  -i-ilMK. 
l\  =  Kx22.!i  (revotntioRK)  x  Ki.ri  |/,;  Sm^lfc', 
/>,=  A-x30.r.  (revolntioiia)  x  ll.l{/.)  -.  ■.':Kiia\ 
P.^  =  K  X  IB      (revolntioMi  x  l'.-'>  ( /.)  - i-i'.'iH. 

P,  is  seen  lo  lw>  larger  than  any  (if  the  olhi-r  values  of  /*.  and  ;:ivfs 
an  Jippro.ximatn   value   of    the 
pdHiTcif  tile  mill  for  that  wind 
vi'I.hHi,v  (ill  niileM). 

We  may  lind  a  more  accural* 
vhIiii-  ill  an  easier  way.  Lwtj; 
V  ilie  l(iad  for  maximum  hor8«- 
[KiwiiT  ill  any  tiiven  wind  veloc- 
ity. We  have  Sf.'on  that  I  pound 
of  li)a<l  reiUii'es  the  HiMH-d  by 
1.7-5  revolutions.  Then  we  can 
urile  P=h'  (41-1. 75j)  (,r). 
Fur  a  maximum  value  of  /'w*- 
must  diffeientiate  /'  with  rc- 
"pet  to  .r,  plaee  the  lirsl  dilTer- 
eniiiil  eoetlieieiit  d,  and  solve 
fiirr.  This  value  uf  .r.  aeeoni- 
tu^'tiiealculus,  luaki.'Hthe  power 
ii  riiaxiuiuni.  l>in'en.'ntialinji, 
•■eliavc  Z'-4-''.i-  =  41— :!  (l.r.V) 
=  ".  Solvinti  for  .r  we  litive 
■|'=11.7  pound.4.  The  eorre- 
si"iiuliug  value  of  Ihe  revolu- 
linrisof  the  wIjm'I  per  minute  is  1 

Fur  a  :>.'>-niile  win<l  we  havi-  .•■  = 
I'l  a  similar  way  we  ^et  lin'  loa<l  i\ 
mit  4;;     Ul  -   -4 
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for  other  wind  vokK'itios.     These  and  the  wirresponding  horse 
are  lis  follows: 

Valuenfftr  the  curv^  DK  (nuurivmrn  nower)  fig,  GS, 


Wind  '     Revolu- 

velocity  Load  in         tionH  of     i      Horne- 

(mileAper  ponndH.     Iwindwhet'l      power. 

hour  >.  p«»r  minnte., 


b 

3.1 

6.0 

0.010 

12 

7.0 

12.0 

0.046 

16 

9.4 

16.5  i 

0.086 

20 

11.7 

20.5  . 

0.133 

25 

1 

14.0 

i4.5  ' 

0.190 

Thi»  curve  DK  is  ii<»rtrly  a  parabohi.     The  revolutions  \h}v 
for  the  best  load  are  seeu  to  be  very  nearly  equal  to  the  wind  \ 


VELOCITY  OK  WIND  IM  MILRS  PER  HOUR. 

10  l.-i  30  25 
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Pici.  ISJ.— Diiijfram  showinj?  Ijorw^powt-r  <»f  mill  No.  r>r>    7.7.>-fo<»t  Jumlio.    Tho  curves 
horsi'powi'r  for  brake  loads  of  l.T.'i,  2.5,  and  4..")  iKJUudw,  reHiM.K:tively;  dotted  curve 
niaximuui  ])owcr. 

in  niil<*s,     Th(»se  are  platted  in  ii^.  Oi\  ^nvin^the  line  AB^  w 
n(*arly  strai^lit. 


RELATION    BKTWKEN  WIND  VKLOCTTV  AND   CIKC'l'MFEKENCK  VK 

OK  WHEEL. 

If  we  multiply  the  Tunnl)erc)f  revolutions  of  tlu^  wind  wheel 
wind  velocity  by  lU.  \  feet  (tho  eircuniferenee  of  tho  wheel)  an<l 
by  the  wind  velocity,  in  feet  per  sc<*ond,  we  have  the  foUowii  ^ 
for  no  brake  load  and  for  best  load : 
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TbUe  diouiiTig  ratio  betuftn  uritui  velocity  and  dretitn/erfiiee  velocity  of  tWiwI. 

Wind  i-elortty  l>er  hour. 
8  mUeii.  ,  IS  milex.  '  111  milw.    X  miles.    X>  mlU-s.  I 


LowL 


0.3* 


0..J5 
0.37 


0.57 


0..-i7 

0.38 


From  this  we  see  that  the  velocity  <»f  tliecin'innfereiK'.('«f  tlio  wlieel 
is  not  more  than  57  per  cent  of  the  v«;l<K'ity  of  the  wiiui.  Fot'  veloni- 
liea  above  a  certain  amount  it  remains  nearly  foiistiuit  for  siiiy  hiail. 
Itffill  be  seen  too  that  the  apee<l  of  the  wheel  for  lK'.st  load  is  almost 
URctly  half  that  for  no  brake  load. 

Test  No.  2.— Sail  area,  lU  fwt  by  8  inehes— each  inner  half  sail 
removed.     The  results  of  this  set  of  tests  mv  as  follows: 

kamttn  of  testa  of  Jambo  mill  No.  5,'.,  ivith  S  nail*  IH  ffrt  liy  S  iiiflif*. 


voiil. 


i^'htof  tlio 
Ih-ii,  Hint  fortlii.H  si/e  of 
of  theiinifrs-iiicj.boanl 
•2  iiK'licw  wide  woTild  give 


By  comparing  these  results  with  those  of  test  No.  1  it  will  he  seen 
Ihat  the  number  of  revolutions  per  niiiuili-  for  no  load  ta  fiom  two  to 
'hree  times  less  when  the  half  .sails  jirc  used.  The  :i.J-ii<niiid  load  with 
tatf  sails  {lives  almut  tlii'  minii'  speed  as  the  4^-p(iiind  load  wil  h  whole 
mla.  The  weight  of  the  wheel  is  i-cdueed  alwul  -to  jwr  i-eiil.  whieh 
makes  the  reduction  in  speed  Icsslluiii  i 
*lieel  remained  constant.  It  will  Im'  mm 
■heel  very  little  i>ower  is  gained  I)\-  the 
of  each  sail.  It  is  ijuite  likely  thai  .-iai 
fiilly  as  much  power  as  sails  Hi  inches  m 

Tesf  Xo.  J.— The  sail  area  was  I  sjiils 
Pvery  other  full  sail  remov<'d,  Tlu"  i-e.- 
alniost  the  same  as  those  of  test  No. 
We  reduction  in  the  speed  <if  the  wheel ' 
fpMoved.     The  weight  of  the  wheel  wa 

Wd  consequently  the  friction.     The  gain  in  presKnn*  nn  the  extra 
Wilarwi  is  counterbalanced  by  the  mhlitional  fri<-tioii. 

Test  No.  A. — The  sail  ai-oa  was  8  sails,  eiKih  llA  fe»'t  by  Hi  inches — 
'he  same  an  for  teat  No.  1.  There  was  au  inclined  surface  (shown  iu 
'L  XVI,  S)  for  coQceutratJ/i;.!'  air  on  sails  aud  in  a  n\Bvv»v\tv  ^t«n«\\V 


leh 


1.1  fee 


ills  of  Ibis  set  of  lest> 
1.     'I'hen-  was   no  nieasuru- 
hen  every  other  full  .sail 
reduced  alxuit  40  jxt  e 


were 


ras 
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in^  an  upward  current  from  the  front  shield.  The  results  of  this 
of  tests  are  the  same  as  those  of  No.  1 .  There  was  no  measura 
increase  in  the  number  of  revolutions  when  the  mill  was  loaded 
unloaded,  or  when  the  incline  was  used  or  not  used. 

For  this  size  of  mill  4  sails  each  12  inches  wide  give  the  maxim 
power.  From  our  test«  of  other  mills  we  should  say  that  the  i 
width  should  increase  directly  as  the  diameter  increases.  For  di* 
et**rs  of  12  feet  or  more  it  is  likely  that  the  addition  of  one  or  t 
more  sails,  say  5  for  a  12-foot  mill  and  6  for  a  16-foot  mill,  n 
increase  the  power  over  that  for  4  sails. 

In  181)5  we  mmle  some  measurements  of  the  pressure  of  air  on  su 
curved  surfaces,*  from  which  we  infer  that  if  |i^alvanized-iron  » 
cunxHl  to  a  radius  about  twice  the  width  and  with  the  concave  a 
face  to  the  wind  were  used  the  power  of  the  mill  would  be  increa 
about  15  jx^r  cent  over  that  with  the  plane  fans. 

I^itting  the  n?sults  of  these  tests  of  Jumbo  mills  in  the  most  pi 
tical  form,  we  have  the  following  as  the  proper  sail  area  and 
probable  liorsepower  of  wooden  Jumbo  mills  in  a  16-mile  wind  wl 
properly  lomled,  assuming  the  i)ower  to  in(*rease  as  the  square  of 
diameter: 

Table  showing  proiK^r  sail  area  and  probaiile  h<»rHe/)oirer  of  Jumbo  tpooden  mill 

a  lO'Viile  tcind. 


Diamotor  of  wbuel. 

Sfeet     

Namber  of 
sailH. 

Width  of 
sails. 

4 
5 
6 
6 

Inches. 
12 

12feet 

16  feet  

18 
24 

20  feet 

30 

Lenffthof 


Feet. 


12 
12 
12 
12 


Horseimwer. 


0.09 
0.90 
0.36 
0.56 


Th(^  formula  xinvd  for  <»omputi!ig  tlie  pressure  on  a  series  of  ph 
surfaces  moving  in  the  direction  of  the  velocity  of  the  wind  is — 

P=Fjj(r-r)' 

In  this  F \h  the  area,  in  squan*  f<»et,  of  the  vane,  /•  the  hea\in 
of  air  at  the  observed  t^mx)erature  and  barometric  pressure,  r,  I 
velocity  of  wind,  and  r  the  velotrily  of  wind  wheel,  each  in  feet  j 
second. 

The  heaviness  of  Iho  air  is  found  from  the  foniuila — 


/•=ro 


B  To 
Bo  T 


I 


In  this  To  is  the  absolute  temperature  in  centigrade  degrees. 
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From  equation  fc  we  have  r=0.08 X^^xl^  =0.07  pouiul  per  sqiiar(> 

foot.  From  the  table  on  page  123  it  will  l)e  8e<Mi  thai  for  niaximiini 
power  in  a  16-mile  wind  v=0,2Sc,  Substituting  in  equation  (/  we  have, 
for  the  pressure  on  one  sail — 

P=11.5x 3^X0.07  (1-0.27)2  (•2=4.1  pounds. 

The  arm  of  this  pressure  about  the  axis  of  the  wheel  is  al)out  3. or; 

feet.    Hence  the  moment  of  this  force  is  4.1  x3.G=14.7r)  foot-pounds. 

This  moment  is  equal  to  the  moment  of  the  brake  load,  and  we  have 

U.76=35.r,  and  iC=4.24  pounds.     The  load  actually  carried  on  the 

brake,  including  friction,  is  about  8  pounds;  hence  nc^arly  half  of  llie 

Working  pressure  comes  from  wind  pressure  on  the  approaching  and 

receding  sails,  or  only  a  little  more  than  half  the  pressui-e  com(\s  from 

the  sail  which  is  at  the  highest  position  possibles 

Mathematical  discussion  of  tests  of  little  giant  mill 

NO.  56. 

This  is  a  4.67-foot  mill  made  by  Mr.  C.  Hunt,  of  Wi<-hita,  Kansas. 
These  mills  are  made  in  sizes  from  4  to  24  feet  in  diameter,  to  rest  on  a 
low  tower  or  on  a  building.  The  largest  one  yet  built  is  shown  in  PL 
XVI,  ^.  It  is  used  for  grinding  wheat.  The  Little  Giant  mill  will 
be  seen  to  resemble  the  Jumbo  in  that  the  wind  whc^el  moves  in  the 
direction  of  the  wind  and  not  across  it.  It  diflfcrs  from  the  Jumbo,  how- 
ever, in  having  a  vertical  axis  and  many  <'urve(l  iron  sails,  instead  of 
^  horizontal  axis  and  few  plane  wooden  sails.  The  wind  is  prevented 
^it)ra  striking  the  sails  as  they  come  around  toward  tho  wind  by  a 
'Shield  which,  when  closed,  covers  about  onc-tlilnl  of  the  (Mrcumfer- 
^iice.  The  shield  can  move  fi-eely  about  tlie  axis  of  thr  mill  and  has 
Ringed  to  it  a  wing  which  can  be  held  at  ri^lit  any:les  to  the  circum- 
ference. There  is  also  a  vane  fastencMJ  to  the  shi(»l(l,  to  aid  in  the 
government  of  the  mill.  When  the  win^^  of  the  shield  is  closed,  the 
^ane  ta^kes  the  direction  of  the  win<l  and  placi^s  the  shield  <lirectly  in 
front  of  the  wind  wheel,  shutting  off  the  wind  from  the  wheel. 
When  the  wing  is  open,  the  pn^ssure  of  tin*  wind  aji:ainst  it  carries 
the  shield  around,  admitting  the  wind  to  on<'-half  of  tin*  wheel.  By 
proj)erly  placing  the  vane  and  using  the  propter  w(Mi!:lit  on  the  wing, 
the  wind  is  jidmitted  to  a  small  or  a  larger  i)orti()n  of  the  wh(»(d,  and 
thus  the  speed  of  the  wheel  is  regulated.  Tin*  mill  receives  the  wind 
from  all  directions  and  regulates  automatically. 

Mill  No.  56  1ms  24  curve<l  iron  sails,  each  .'{  feet  10}  inches  long  and 
H  inches  wide,  set  at  an  angle  of  27""  to  the  radius.  The  radius  of 
curvature  of  the  sails  is  74  inches.  The  vertical  shaft  of  the  wind 
^heel  has  a  beveled  cogwheel,  which  gears  into  another  beveled  cog- 
wheel on  a  short  horizontal  sliaft.  The  latter  has  a  pitman  for  wuvk- 
^lig  a  pump.     The  horizontal  shaft  on  which  t\\e  \)Take.  nvws  \Aw.v!^^\ 
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was  geared  back  4;J-i-l-'t.  The  brake  arm  was  2  feet  lOi  inchc 
The  number  of  revolutions  per  minute  of  the  brake  Bhaft  was 
for  the  four  loadtt  0,  2,  4,  and  6  ponnds,  respectively.  The 
spouding  speed  of  the  wind  wheel  is  found  by  moltiplying 
The  results  of  the  testa  were  as  follows; 

BeMdIt  of  te»t»  of  Utfl*  Giant  mitt  No.  se. 


. 

BoTolutions  ot  br«k«  rtUt  per 
mlnnte  >t  glvn  wind  Telod- 
Um  lp«r  hour). 
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Referring  to  flg.  64,  the  mill  will  be  seen  to  start  for  no  Ic 
light  wind — about  5  m 
hour.  More  than  half  i 
speed  curve  is  a  nearly  f 
line.  This  is  due  to  fai 
govern,  the  mill  being  he 
open  all  of  the  time.  It 
seeu  that  each  pound  < 
reduces  the  speed  abo 
revolutions  per  minute  £c 
n.H7  of  each  curve.  ] 
shows  the  brake  horsepo 
three  loads — 2,  4,  and  6  \ 
I'csijectively.  The  <!urve 
which  these  load  curves  i 
Hfut,  shows  the  maximuii 
of  the  mill.  This  cur\-e 
through  the  points  i/ 
power)  =0  when  x  (wine 
Ilonec,  if  we  a 
quation- 
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Pio.  **.— Dl«g™ni  Bhowitifr  revolutions  of  wiud 
whf  el  of  mill  No.  ■Jl— *.«7- toot  Little  Uiimt,  The 
carves  marked  ",  i.  4.  uid  u  are  for  brake  londii 
of  0. 3.  t.  and  tt  pounds,  respectively . 

ity)=5,  aud  //=0.(I24  when  .r=lL'. 
DKto  be  II  panibolti,  we  hdve  fur  iti 


The  horsepower  from  thi 
y'  being  taken  from  lig.  ti5: 


i  equation  unci  from  fig.  05  is  a.s 
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Horsepoirer  of  mill  No,  5(1  at  given  in  ml  n'iiK'iticH. 


y 

y' 

0.000 

0.000 

0.00b 

0.007 

0. 024 

0. 024 

0. 040 

0. 045 

0. 075 

0.065 

5 

8 

12 

16 

20 


It  will  ]>e  seen  that  the  horsepower  of  this  mill  do(^  not  incroast^  as 
fast  as  the  square  of  the  wind  velocity.  From  ti^.  05  it  will  bo  s(»en 
that  the  2-pound  curve  is  tangent  at  8  miles,  the  4-poun(l  curve*  at  ]'2 
miles,  and  the  0-pound  curve  at  10  miles  an  hour.  n<»uc(»  the  load 
for  maximum  power  increases  alxmt  as  the  fii-st  power  of  the  wind 
velocity.  The  speed  of  the  brake  shaft  for  these  loads  is  0,  ii,  and 
U  revolutions  jyer  minute,  resi)ectively.  Hence  tin*  s])e(»d  of  the 
wind  wheel  does  not  increase  as  fast  as  th<»  first  ]>ow(m*  of  th<»  wind 
velocity.  The  ratios  of  circumference  velocity  of  wind  whe(»l  to 
wind  velocity  for  no  load  and  for  maximum  load  for  live  wind  veloc- 
ities are  a8  follows: 

Table  Hhoitnng  relation  of  circumference  veloeitij  of  wind  wheel  to  wind  reloeifj/. 


Wind  velocity 
per  hour. 


8  miles  . 
12  miles  . 
16  miles  . 
20  mil  66. 
25  miles 


No  load. 


Muxiiiiuin  load. 


Revolu- 
tions of 
brake 
shaft  per 
minate. 


Circum-  j  f^^},^^^.  ,  Hevolu-  (Mrnim 

ferenre  '  VJ;  "™       tions  of  forenre 

velocity  :  5.X  A  v      ^'^'^^^  v..lo<ity 

in  miles  I  ^^^'" -Iwl    '^Imft  por  iu  milos 

perhour.   ^^^l^l^    nnnute.  ,K.rh<mr     -,;;;-';     nol<.Hd 


Ratio  of 
<'ir<-uin- 
fort'in'o 
velority 
to  wind 


Ratio  of 
revolu- 
tions at 
maxi- 
niiiinload 
to  ro  volu- 
tions at 


10 
19 
26 
31 
38 


•J.  -w 

9.9 

13.0 

16.1 

19.  8 


0.  (m 

0.  Nl 

0.  so 

0.  ?*♦ 


0 
11 
14 
Hi 


:j.  1 


0.09 
0.  17 

0.  12 


0.  r.() 
0.  .^s 
0.  56 
0.  52 


I  - 


From  this  we  see  that  for  no  lou<l  the  uieatesi  circnnifereiMM'  veloc- 
ity is  only  81  i)er  cent  of  the  wind  velocity.  For  hcst  load  the  ratio 
is  47  per  cent.  Here  is  the  «^reat  <lisa<l\anta^e  of  these  wIhm'Is,  which 
ni(»V(^  in  the  direction  of  the  wind    instead   of  acioss   it — thev  move 

t<M)  slowlv.     The  ratio  of  cireiiinferenee  veloeitv  to  wind   vrloeitv  in 
*•  •  • 

iin  Aermotor  is  1.75.     This  is  l\H)  times  the  trrcatest  eoi'i'espondiiifj: 
<'imimference  velocity  of  the  Little  (iiant  mill. 

COMPARISON  OF  LITTLE  GIANT  AND  JUMBO  MILLS. 

From  the  following  table  it  will  be  seen  that  the  eirciimferencc* 
velocity  of  the  Jumbo  is  only  from  O.oo  to  0.70  of  that,  of  the  Litth^ 
^iant  for  best  load.  The  hors(»i)ow(M'  of  tlu*  Jumbo  is  about  \.<.^  Wwwv't^ 
tliat  of  the  Little  Ginnt;    tlw  /alio  of  \\w  Jum\u>  iVu\u\v>Av.^Ys  \s  VA^s 
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\m.t 


heiK^'  the  ratio  of  the  power  in  a  little  greater  than  that  of  the  dian 
eterH.  It  muHt  l>e  remembered,  liowever,  that  the  Jumbo  in  sbou 
tlinn^'  timet)  the  length  of  the  Little  Giant.  For  the  same  sail  lengtli 
the  tatter  does  1.57  more  work  than  the  Jumbo. 


Comparat 

ve  data  of  Little  Oiani  and  Jumbo  miiU. 

»,. 

wind  velodtloB  (par  hoiir). 

wind  TelDcitlH  (per  fonn. 
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Taking  into  account  the  difference  in  the  diameters  of  the  win 
wheels  of  these  mills,  we  may  say  that  the  Little  Oiant  will  fumis 
about  '2.5  more  power  than  the  Jumbo  for  the  same  diameter  an 
length  of  nail.  The  Jumbo  requires  a  7-mile  wind  to  start  it  with  n 
load;  the  Little  Giant  will  start  with  no  load  in  less  than  a  5-mil 
wind.  The  Jumbo  has  no  means  of  governing;  the  Little  Giant  goi 
erns  easily  and  completely.  The  Jumbo  gets  the  full  pressure  of  th 
wind  when  it  comes  from  two  directions  only;  the  Little  Giant  worh 
e»iually  well  with  the  wind  from  any  direction.  The  Little  Giant  i 
lesH  likely  to  be  injiii-ed  in  a  windstorm  than  the  Jumbo.  The  fir 
coKt.  of  the  Jumbo  is  somewhat  less  than  that  of  the  Little  Giant.  . 
5-foi)t  Little  Giant  with  stub  tower  can  be  bought  for  about  US. 

COMPARISON  OF  LITTLE  GIANT  WITH  S-FOOT  AERMOTOR. 

The  eflieieney  of  the  pump  and  well  of  Aermotor  No.  5  (for  descrii 
tion  and  results  of  tests,  see  pages  'd3  and  34,  Part  I)  is  proliabl 
about  00  jKjr  cent.  For  the  .speeds  and  horsepowers  of  thesi.'  mills  w 
have  the  following: 

ComiMinilive  data  nf  Little  Giant  aiid  S-fimt  Aermotor. 
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Itvrill  be  seen  that  the  sail  area  of  the  Aermotor  is  only  OJV'l  that 
of  the  Little  Giant,  that  the  wind  wheel  of  the  former  niak(»s  from 
1.25  to  1.82  more  revolutions  per  minute  than  the  latter,  ami  that  the 
power  of  the  former  is  from  3.5  to  2.4  times  greater  tlian  the  power  of 
the  latter.     While  the  sail  area  of  the  Aermotor  is  only  <>.63  tliat  of 
the  Little  Giant,  the  wind  area  of  the  former  is  much  greater  tlian 
that  of  the  latter.     The  wind  can  not  enter  the  whi»el  of  the  Little 
Oiant  over  an  area  greater  than  the  radius  multiplied  by  the  length 
of  the  sail,  or  9.1  square  feet.     In  the  Aermotor  the  wind  enters  the 
Mrheel  over  an  area  equal  to  the  difference  between  the  areas  of  the  two 
<?ircles,  one  having  a  diameter  of  8  feet,  the  other  having  a  diameter 
of  3  feet.     This  wind  area  is  43.2  square  feet.     Hence  the  wind  area 
of  the  Aermotor  is  43.2 -r  0.1  = 
•4.75  times   that  of   the    Little 
^Tiant.    Here  is  the  great  advan- 
t,age  that  the  Aermotor  has  over 
Ihe  Little  Giant — it  has  only  0.G3 
of  the  sail  area,  and  hence  cost 
less  for  sails,   and  4.75  times 
more  air  strikes  its  sails  than 
strikes  those  of  the  Little  Giant. 
It  will  l>e  shown  later  that  in  the 
little  Giant  the  air  acts  on  its 
sails  while  passing  out  of  the 
i«rind  wheel  as  well  as  while  pass- 
ing into  the  wheel,  and  thus  the 
power  for  the  same  wind  area  is 
greater  in  that  mill  than  in  the 
-iVermotor. 

Fig.  06  is  a  diagram  showing 
the  action  of  the  wind  on  the 
sails  of  the  Little  Giant  mill. 
AH,  BK,  etc.,  are  the  curved 
sails.  The  cord  AH  makes  an 
angle  of  27°  with  the  radius  AI\  CI)  is  tlie  shield,  with  the  wing  I)E 
open.  Let  ^a  represent  the  direction  and  magnitude  of  the  wind  with 
rajjpect  to  the  earth.  We  have  setMi  that  for  niaxiniuni  load  the  ratio 
of  the  circumference  velocity  of  the  \vhe(^I  to  the  wind  v(»lo<*itv  is 
0.47;  hence  drawing  Ar  tangent  to  the  circumference  .1^/  and  etjual  to 
0.47  of  ^rt,  and  completing  the  parallelogram  on  them,  we  have  ^46 
representing  the  direction  of  the  witul  with  respect  to  the  moving  sail. 
If  we  assume  this  to  be  the  velocity  of  the  air  over  t  he  sail  (it  is 
somewhat  less  than  this,  since  Ah  is  not  quit(^  tangent  to  tlu*  sail  at 
entrance),  we  can  construct  tlie  path  of  a  particle  of  air  with  r(»si)ect 
to  the  earth.  The  points  1,  2,  and  3  are  on  this  path,  and  h3  givcjs 
the  approximate  direction  of  fJie  f)article  of  a\v  tUrow^Vv  Wwy  n\\\^vA, 
AtZ'  we  combine  this  velocity  with  the  inner  circuiwt^t^iwoi  \<6\oi!\Vs 
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Fkj.  ♦>.'>.  Diugniin  show  iii^^borNopowerof  mill  No. 
fy} — 4.(57  f(K.>t  Littli*  CJiaiit.  Tln)  curves  marked 
2.  4,  and  <»  show  horsejiower  for  brake  l<>ads  of  ^X, 
t,  and  ♦)  pounds,  resjM-ftivuly:  dotted  curve  DK 
shows  maximum  power. 
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of  the  sail,  jifiving  the  velocity  Lp  with  respect  to  the  moving  sail. 
Tliiis  in  nefM  Ut  iniikc  ii  iar^e  angle  with  the  tangent  at  entrance, 
i-L«hicing  its  niagnitiidu  souewliat.  L4  i«  approximjitely  the  absolute 
pHth  of  the  particle  over  tlie  miil,  and  4-6  m  the  direction  of  the  parti- 
cle at  exit.  B'J  represents  the  absolute  path  of  a  particle  of  air  a-s  it 
moven  over  the  sail  BK.    This  partricle  of  air  passes  through  the 


-Diagram  BboirlQK  Rt'tlnii  of  wlad  iin  BHila  of  mill  No.  SO-t.ST-foot  Little  OUnt 


wheel  in  the  direction  il-7.  The  |«ith  G-7  of  this  particle  crosses  the 
path  of  the  particle  from  ■'(;  hence  llicre  is  interference  inside  the 
wheel,  which  prevents  our  tracing  with  Hccuracy  the  path  of  a  parti- 
cle out  of  the  wheel.  It  is  evident,  however,  that  after  passing  into 
the  wheel  the  air  sirilves  the  concave  side  of  the  sails  on  the  opposite 
side,  and  aids  in  [nishiiig  the  wlieel  around,  so  all  the  work  is  not  ilono 
liy  the  Siiils  mi  Hie  side  where  the  air  eut'Ci's. 
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INDICATED  AND  TRUE  VELOCITIES. 

Thiw  fHriiU  iifoiii-  n'siiUw  for  i*i>w<l  and  jMnvcr  iif  wimlmills  jir.' 
given  ill  terms  of  in<li('«tefl  velwitiw*,  tlmt  in,  v»'l<>citi<-s  as  i>'ii<l  fn.ni 
the  R(it>in»on  cup  aiiemoinetcr.  It.  in  iie<-t'HSHry,  w  at  ivHut  lUvinMe, 
toexamine  these  to  see  whether  they  HKn-f  with  true  vclopitics  nr  ilis- 
tuTuvn  Actually  pasao<]  ovor  by  the  winii  p«>rh(>iir.  Kic- 1>7  shows  the 
Kubinson  cup  aneiiiame- 
terattused  by  the  United 
StatM  Weather  Bim«u. 
This  instrument  wa»  iii- 
veoteti  in  1 846  by  Dr.  T. 
R.Robinson,  of  Armagh, 
Iwlatul,  and  in  now  urnd 
bj'  several  mcteorolog- 
ieBlbuFeaHsforthemeaB- 
Bremen  tof  wi  n<l  velocity . 
Ugivesa  oontinuons  rec- 
ord of  wind  movement 
u>d  requires  no  device, 
uch  UK  a  vane,  to  give 
it  the  proper  direction 
withrespeft  to  the  wind. 
11  is  made  BO  that  each  AG 
rn'olntionH  of  the  cups 
<an  1h'  read  on  the  dial, 
•nil  there  is  an  electrical 
"teriw  for  recording 
e»fh  ia)  or  each  500  ^e^^ 
olntionsof  the  cupB. 

Referringtoflg.  «8,l('l 
A  =  the  upper  and  B  = 
the  lower  cup  of  a  Robin- 
>0B  anemometer  nitat- 
ing  &liont  the  axis,  let  a 
("inal  the  velocity  of  the 
■ind,  and  r  the  velocity 
oftlieeupcenter,  each  in  ', 
'Wlperseeond;  j^  =  th»'  ' 
Wii)  of  the  velocity  of  1 
tlwwind  to  that  of  the  ; 
Wp  center,  P,  =  the  i 
I^ewure  on  the  concav4>  \ 
■Wwe,  and  P,  =  the 
Pwnmon  the  convex  surface  of  the  eu|>.  Dr.  K')i)iiisoii  found  fi-om 
'"•wn  experiments  with  etiitioHarj  Clips  r«x|H»sod  to  wind  nt  iwv^'vaX 
'•'('dtM*  tto(ibr«/7  vo/wcitiV.'*  r/i<' /in-ssinv  when  I  hi- I'oiu-rtvi- Muim-o  lA 
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tlie  cup  is  toward  the  wind  is  about  four  times  that  when  the  convex  sur- 
face  is  presented  to  the  wind.  The  pressure  on  the  moving  cup  A  is 
/\=Ar,  i^r(r— r)^-h2(/,*and  the  pressure  on  the  cup  Bis  P2=-'*^2^(c+ 
r  )^-T-  itij;  F  being  the  area  of  the  cup,  K^  and  K^  being  constants  the  ratio 
of  which,  as  found  by  Robinson,  is  4,  r  the  heaviness  of  air,  and  r+t? 
and  r— r  the  relative  velocities  of  the  cups.  Neglecting  friction  in  the 
anemometer,  inertia  of  cups  and  arms,  and  the  influence  of  two  of  the 
cups  until  they  are  nea-r  the  i)osition  shown  in  fig.  68,  we  see  that  for 
uniform  velocity  P^  must  equal  P^;  if  P^  is  greater  than  P,,  v  will 
increase ;  if  P^  is  less  than  Pj,  v  wil>  decrease.  We  have,  therefore,  for 
uniform  velocity  K^  Fr  {c—vf-^^g^K^  Fr  (t;+c)*-^2gr  or  4  (c— r)«= 
(r-^v)'^,  Thisequation  can  be  put  in  the  form  4  (x— l)*=(a;+l)*.  Solv- 
ing we  have  jf=3;  that  is,  the  velocity  of  the  wind  is  three  times  that 
of  the  cup  centers.  For  an  anemometer  having  arms  6.72  inches 
long,  the  distance  passed  over  by  a  cup  center  in  500  revolutions  is 

'^^^^  X  -;^  X  3  X  5(X)=5,280  feet,  or  1  mile. 

Dr.  Robinson  l)elieved  that  this  ratio  of  wind  velocity  to  that  of 

cup  center  was  true  for 
>    r\  all  velocities,  and  con- 

sequently the  makers  of 
the  instrument  have 
marked  the  dial  in 
miles.  We  shall  see, 
however,  from  the  rat- 
ing of  the  one  that  we 
have  used  in  these  wind- 
mill  tests  that  this  ratio 
is  not  a  constant.  It 
will  be  seen  that  for 
wind  of  uniform  veloc- 
ity this  ratio  is  a  vari- 
able which  has  the  value 
3  for  9  miles  an  hour,  is 
greater  than  3  for  less 
velocities,  and  is  less 
than  3  for  greater  veloc- 
ities than  0  miles  an 
hour;  in  other  words,  to  gel  true  velocities  we  must  add  a  correction 
below  \)  inilt»s  an  hour  and  subtract  a  correction  above  that  velocitv. 
Friction  an<l  inertia  wei*e  neglected  in  deriving  the  foregoing  value  of 
this  ratio.  The  former  ha^  little  influence  in  an  instrument  kept  in 
goo<l  <!onditi()n,  but  in  a  poorly  kept  instrument  it  may  have  a  large 
influen(*e  for  low  velocities.  This  ratio  has  bt^en  found  to  be  8  to  10 
with  much  friction.  The  inertia  of  the  arms  and  cups  has  a  marked 
influence  on  this  ratio,  espc^cially  for  ordinary  gusty  wind.     As  the 
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gustiness  of  the  wind  increaHes  the  correction  to  be  8ubtra(*ted  to  ^et 
the  trae  velocity  increases  also. 

The  relation  between  the  indicated  and  true  velocity  of  an  anemom- 
eter is  found  by  moving  the  anemometer  in  still  air  at  different 
velocities,  and  noting  the  distance  passed  over,  also  the  nvidings  of 
the  instrument.  It  is  seldom  that  the  air  out  of  doors  is  still  for  any 
considerable  length  of  time,  so  that  this  comparison  is  nsually  nuule 
within  an  inclosure,  the  anemometer  being  carried  around  in  a  circle. 
The  radius  of  the  whirler  should  be  as  long  as  possible,  and  made  so 
as  to  affect  the  circulation  of  air  as  little  as  possible,  and  U)  reduce 
the  effect  of  the  centrifugal  force. 

The  whirling  machine  that  we  have  used  for  rating  the  anemonieter 
is  the  property  of  the  United  States  WeatluM-  Bureau.  It  consists 
essentially  of  an  arm  28  feet  long  and  8  feet  above  th<»  ground,  on  the 
end  of  which  the  anemometer  is  carried  at  an  elevation  of  '2  f(M*t  above 
the  arm.  This  arm  is  counterweigh  ted  and  is  stiffened  by  the  rods. 
It  is  clamped  to  a  vertical  shaft,  whi(»h  carries  a  cogwheel  near  its 
lower  end.  A  cogwheel  on  a  horizontal  shaft  engages  tho  large  cog- 
wheel and  gives  rotation  to  the  arm.  For  low  velocities  the  power 
was  applied  through  a  crank  on  the  horizontal  shaft,  and  for  higher 
velocities  by  a  crank  on  a  second  shaft,  the  hitter  wtu'king  the  lli'st 
shaft  by  means  of  two  sprocket  wheels  and  a  chain.  The  machine 
was  set  up  out  of  doors,  in  a  sheltered  place  away  from  any  building, 
and  was  used  on  several  nights  when  then^  was  scarcely  any  wind. 
It  was  made  to  rotate  about  half  the  time  in  the  [)ositive  direction 
and  the  other  half  in  the  negative  direction. 

A  new  Robinson  anemometer  was  usc^d  with  wliich  to  compar<»  n^sults 
obtained  for  the  one  used  in  our  windmill  tests.  The  n^sults  for  t  hese 
instruments  agree  quite  closely.  The  results  obtained  on  December 
A  when  there  was  no  perceptibh*  wind,  an*  as  follows: 

Table  itJunting  relation  between  indicated  (t ml  true  lu'ineiti/  of  itnemmnvter. 


Indicated 

ireloclty.in 

miles  per 


C'orroctioii, 


Revolu-     j 

velocity. in  '   ,*!?"'; ll    '  ;Tv"i\V;nl'i'?«  Corrocticn.     m  niiioa. 
mil^M  y^v  '  . lonP  arm    ,  ity ,  in  miles      ^^^  j^- j^,^ 


hour. 


6 
8 
11 
15 
20 
2.5 
30 


in  i  mile  of 
wind 


15.  5 

15.1 

14.7 

14.2 

13.8 

13.  53 

13.3 


por  hour. 


0.20  ^0.20 

8.05  r0.05 
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for  jriisty 
wind. 
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It  will  be  seen  that  the  in<licated  velocity  is  less  than  the  true 
^^locity  for  velocities  less  than  i)  miles  an  hour;  above  J)  iiilles  the 
^^e  velocity  is  less  than  the  indicated  velocity.     In  other  words,  the 
^n^tion  is  added    beJow  .9  /nilcs  an   hour  aud  s\\\)\t\w\vh\   <\X>v>nv> 
^^t  velocity.     It  will  be  Hi^en  that  up  to   11  nvVVes  aw  \vov\y  Wvv-'svv 
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anemometer  readioes  differ  verj-  little  from  the  troe  readings, 
for  higher  velocities  the  correction  beoomes  quite  large.  The 
column  of  the  foregoiug  table  given  the  corrections  to  be  applie 
the  indicnted  velocities  of  the  Weather  Bureau  Robinson  anemom 
for  gusty  wind.'  The  motion  of  ordinary  moving  air,  when  stut 
with  a  very  light  anemometer  recording  each  revolution,  is  foun 
vary  suddenly  by  large  amounts.  The  rate  of  motion  changes  2 
30  miles  au  hour  in  a  few  seconds.*  The  record  of  the  standard  I 
in.soii  nnemometer.  recording  miles  or  half  miles,  does  not  show  tl 
sudden  changes,  but  gives  an  average  velocity  for  the  wind. 
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weight  mid  I'onsociui-iit  inertia  cjium'  it  to  continue  its  rotation  f 
time  after  the  inipulsr>  is  passed,  ami  when  the  next  impulse  str 
the  cutis  their  wcifrht  will  not  hIIow  them  to  lake  the  velocity  of 
impulse.  The  less  the  weight  the  more  nearly  will  the  velocit 
the  cups  l>e  that  of  <'ach  gust.  The  effect  is  that  the  cups  rev 
faster  in  a  gusty  wind  of,  say,  i"  miles  an  hour,  than  in  wini 
the  same  velocity  but  not  gusty.  Tw<i  difficulties  arise  in  dea 
with  gusty  wind;  (I)  The  gustiiiess  of  any  wind  varies  from  tim 
time,  and  the  auemonioter  gives  mi  indicati<m  of  it;  (2)  we  havi 
means  of  ]n-oducing  ni+ilieial  gusty  wimi  in  which  to  rate  anem 
eters.     If  the  ancmonieter  is  rated  in  natural  wind,  then  a  eorree 
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must  l>e  applied,  but  its  amount  is  uucei-tain.  Tlu'  vol(H*ity  (»f  ^ust y 
wind  can  not,  therefore,  bo  mea^sured  with  certainty.  'I'his,  h<)w«»ver, 
does  not  lessen  the  value  of  tlie  Robinson  anemometer  as  an  instru- 
ment for  measuring  wind  velocity,  nor  int-nnhnM*  an  (»rror  in  our 
results.  For  a  given  vel(M*ity  and  dustiness  tin*  ancmonuMcM*  will 
always  give  the  same  reading,  and  the  same  gusty  win<l  which  sirik4»s 
the  anemometer  strikes  the  windmill  <lin»ctlv  Ix'hind  it.  The  dilli- 
cnlty  arises  when  we  try  to  eompan*  r(»sults  in  whi<*h  tin*  Robinson 
anemometer  was  used  in  measuring  velocity  with  those  in  which  some 
other  form  of  anemometcu' was  us(m1.  The  (*orrections  given  in  the 
lajit  column  of  the  tnble  weii>  foun<l  by  Prof.  (\  V\  Marvin,  of  the 
United  States  Weather  Bureau,  and  are  tor  ordinary  gusty  wind. 

The  Robinson  anemometer  is  now  so  gen(M*ally  used  to  measure 
wind  velocrity  that  it  is  better  to exi)ress  t  he  spcn^ds  and  pcjwcrs  of  wind- 
mills in  tenns  of  these  than  of  any  other.     If  n^sults  an*  d4'sired  in 

• 

terms  of  true  velocities,  they  can  be  found  approximately  by  nutans 
of  the  table  of  corrections  given  on  page  1 3.*>.  Fig.  ♦'►!»  shows  tli(»  j)o\ver 
of  mill  No.  27  expressed  in  terms  of  three  kinds  of  V(docity:  .1/:^ 
shows  the  power  assuming  the  wind  to  1h*  not  gusty;  AD  shows  the 
power  for  true  velocity,  that  is,  after  api)lying  tin*  corn^ctions  in  the 
fourth  column  of  the  table;  AK  shows  the  power  in  average*  gusty 
wind,  that  is,  after  applying  tlu*  corrections  in  the  last  column  of  the 
table;  ^4F would  give  its  power  if  the  power  increased  as  the  (Mi1m»  of 
the  indicated  velocity. 

C0MPARI8OX    OF    WRITKRVS    KXPKKIMKXTS    WITH     TllOSK 

OF   OTIIKKS. 

Comparison  with  Smeatnn'se.cpcn'nK  n/s.  -In  this  comparison  \v«»  ns(» 
indicated  velocities  and  results  for  )>est.  mills.  Smeatoirs  irsults  ai*e 
l^ivenon  pages  loand  HJ,  Part  I.  It  will  be  remembered  that  his  wheels 
were  3./)  feet  in  diameter,  moved  against  still  aii*  in  a  circle  of  .'>..'>  fe(»t 
radius,  and  that  his  wind  velocities  varied  from  :>  to  <*»  miles  an  hour. 

Sineaton  found  (maxim  1,  page  !."),  Part  I )  that  the  velocity  of  a  wind- 
mill sail,  whether  loaded,  so  as  to  pioduce  maximum  |>owei\  or  un- 
loaded, is  nearly  as  the  velocity  <d'  the  wind.  We  have  found  that 
the  velocity  of  wind  wheel  wIkmi  loaded  inci-cases  neai-ly  as  the  wind 
Velocity,  V>ut  when  it  is  unloaded  it  increases  as  the  scjnai'e  root  (d*  the 
^iud  velocity. 

Smeaton  found  (nuixim  *>)  that  the  maximum  |>owei-  increases  some- 
what less  rapidly  than  as  th<^  cube  of  the  wind  velocity.  We  havc^ 
found  that  the  maximum  powe]-  increases  as  the  square  of  the  wind 
velocity — for  true  velocities  somewhat  faster  than  as  the  S(|uare  of  the* 
wind  veh)city. 

Smeaton  found  (last  part  of  maxim  /))  that  the  power  for  a  constant 
1^1  increases' fHs  the  first  i)ower  of  tlie  wind  velocity.  Ourexperi- 
'^nta  show  that  for  a  constant  lojid  the  power  iucrcaaes  utiUvvi  s<\yvw.v<i 
^^t  of  the  wind  velocity. 
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Smeatou  found  (maxim  6)  that  the  circumference  velocities  of  sim- 
ilarly made  mills  of  different  diameters  vary  inversely  as  the  d  iameters. 
We  have  found  this  to  be  true. 

Smeaton  found  (maxim  8)  that  the  maximum  power  for  similarly 
made  mills  increasi^s  as  the  squares  of  the  diameters.  We  have  found 
that  it  increases  alK)ut  as  the  1.25  power  of  the  diameters. 

Smeatou  found  (maxim  9)  that  the  circumference  velocity  of  the 
Dutch  sail,  whether  loaded  or  unloade<l,  is  considerably  greater  than 
the  wind  velocity.  We  find  that  it  is  nearly  equal  to  the  wind  veloc- 
ity for  loaded  sail,  and  about  1.75  times  the  wind  velocity  for  the 
unloaded  sail. 

C(ymparison  unth  Coulombs  exj)€rimenis. — In  this  comparison  indi- 
cated velocities  are  U8e<l.  Coulomb's  observations  (see  page  IG,  Part 
I)  wen^  made  on  a  Dutch  mill  (fig.  1,  Part  I)  having  a  wind  wheel 
70  feet  ill  diameter.  He  found  that  at  a  wind  velocity  of  about  15 
miles  an  hour  the  wind  wheel  was  making  13  revolutions  per  min- 
ute and  yielding  aliout  7  horsepower  of  useful  work.  Comparing  this 
with  the  results  for  the  16- foot  Aermotor  for  maximum  load,  we  have 
the  following: 

Coniparison  of  rexalts  of  tests  of  Coulomb's  70-foot  mill  with  inriter's  Ifi^foot 

Aennotor, 


Mill. 


70-foot  mill    .     . 
16-foot  Aermotor 


1 
ReTolntions      Circumfer- 
of  wind       !  ence  velocity 


wheel  per 
minute. 


13 

28 


in  feet  per 
minute. 


2,8eo 


Horsepower. 


7.0 


1,408  0.8 


The  ciroiimf<3it»nee  velocity  of  the  large  mill  is  more  than  twice  that 
of  the  smaller  one.  The  ratio  of  the  powers  is  7  -^  0.8  =  8.8.  The  ratio 
of  the  diameters  is  70-^  10  =  4.4.  The  ratio  of  the  powers  is  about 
twice  that  of  the  diain(»ters.  The  ratio  of  the  sc^uares  of  the  diameters 
is!!).  14. 

It  is  very  likely  that  the  wind  velocity  as  found  by  Coulomb  is  too 
small;  the  very  large  circumference  velocity  of  his  wheel  indicates 
this.  It  is  probable  that  th(»  wind  velocity  during  his  observations  was 
about  20  miles  an  hour  instead  of  15.  In  a  20-mile  wind  the  horse- 
power of  the  10-foot  mill  is  about  twice  that  in  a  15-mile  wind,  and 
the  s[)eed  34  n^volutions  i)er  minute  against  28.  The  ratio  of  the 
horsepowei-s  would  then  be  about  as  the  dianietiM's  of  the  wind  wheels. 

Conqxirison  irifh  Orijfifhs's  experivieni. — The  [)erformance  of  a 
pumping  windmill  de^x^nds  on  so  many  fa<*t()rs,  most  of  which  may 
affect  the  result  to  a  large  d(»gree,  that  it  is  doubtful  whether  it  is 
worth  while  to  mak(»  a  comparison  where  the  conditions  differ  much. 
There  is  the  pump  efficiency  alone,  other  conditions  being  the  same, 
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vhieh  ma}'  make  tlie  horsepower  of  cue  four  or  more  times  that  of  th<' 
other.  For  example:  Both  mills  have  a  brake  power  of  1  horsepower; 
one  mill  works  a  pump  which  has  an  efficiency,  under  pres<Mit  condi- 
tions, of  20  per  cent,  it«  useful  horsepower  l>einfr  <).2;  the  othor  mill 
operates  a  pump  which  has  an  efficiiency  of  SO  per  (vnt,  its  horaepower 
being  0.8,  or  four  times  that  of  the  other.  We  have  seen  that  for 
wind  velocities  above  a  certain  amount  the  power  incn^ases  nearly  as 
the  load,  so  that  by  doubling  the  load  for  the  hij^her  vehK*ities  thi^ 
power  is  doubled.  The  gearing  and  means  of  governing  affect  the 
|K)wer  in  a  somewhat  less  degree.  The  way  in  which  the  wind  velocity 
is  nieasureil  may  affect  the  rt»coixled  power  and  spcMMl.  If  the  wind 
wheel,  or  tower,  or  aiiy  other  obstacle  obstructs  the  fn^*  flow  of  the 
air  to  the  anemometer,  the  reconled  velocity  will  not  be  as  great  as  it 
should  be.  If  the  anemomet(»r  is  pla<-ed  on  the  platform,  it  will  give 
a  less  velocity  than  if  held  some  distance  in  front  of  the  wh(»el  and  at 
the  height  of  the  axis.  The  temiM»ratun*  and  barometiie  jiressure 
affect  the  power. 

In  Mr.  Griffiths*s  data  (see  pages  17  and  is,  Part  I)  the  load  factor 
is  known,  but  the  wind  velocities  he  gives  are  small,  and  for  snuill 
velocities  it  is  difficult  to  compute  the  effect  on  the  power  of  differ- 
ences in  load.  In  fact,  most  of  his  velocities  ai*e  less  than  are  rtMjnired 
to  start  irrigating  mills.  Only  four  of  his  mills,  viz,  Nos.  1,  l*,  .5,  and  0, 
are comimrable  with  mills  that  we  have  tcste<l.  The  mills  with  which 
we  have  compared  them  are  Nos.  '5'),  3S,  aiul  47 — very  lightly  loaded 
mills  with  low  pump  efficiency. 

(.Comparison  of  {"eHUlts  of  (.rriXHths's  tests  with  thase  nf  writers  tests. 


MiU. 

Outer  di- 
ameter of 
sail. 

Fr,  t. 

alroki?  of 

\Vin«l  v<>- 

hx'ity. 

Milt  s. 

Strokes  of 

iminp  i>er 

mi  nil  to. 

1 

Hors»v 
jM»\\  or. 

i 

Griffiths's  No.  1 ... . 

22.  :j 

ISO.  0 

:.o 

O.s 

(».  (M)S     1 

Writer's  No.  :^  .... 

22.  5 

24s.  0 

7.0 

.■).0 

o.o:i.S 

ariffitliB'B  No.  3  .  . . 

11.5 

21>.  2 

.").  s 

i:j.o    '. 

0.011 

Writer's  No.  38  ... 

10.0 

21.0 

.">.  s 

9.0 

0.(UM> 

Griffiths  8  No.  .').... 

10.2 

51.0 

S.  .") 

20.  5 

0.028 

Writer  8  No.  m  .... 

10.0 

21.0 

S.  5 

21.0 

0.014 

Griflfiths's  No.  « .   . . 

9.S 

'        :)0.  r 

r,.  0 

12..',     ' 

0.012 

Writers  No.  47    ... 

1 

10.<> 

:}T.o 

«).0 

7.0 

1 

0.<.M)S 

It  will  Ix*  seen  from  this  tabic  that  the  lH)rsrj)()\vcrs  oi"  the  in  ills  tested 
by  Mr.  Griffiths  an*  j^reatcr  than  th<»  horscj^jowcrs  of  the  iiiills  wc  have 
t€8te<l.  The  speeds  of  the  whe<»lsar(»  also  ^reatei*,  except  in  Nos.  ')  and 
38.  We  are  of  the  opinion  that  a  part  of  the  ditVeren(»e  in  results  is 
tlue  todifferenee  in  the  method  of  measuring  the  win<l  velocity.  The 
^ind  velocity  foun<l  by  Mr.  (Triffiths  is  less  than  w<»  have  found  it. 

Compariscju  with  Kin<fs  f.V2)f  rime)tfs, — Professor  King's  measure- 
ments of  the  hrnJn'  Iwi'sopowev  nf  a  10-fool   AevwuAov  ww  \rSN  v>\v  «v\ 
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page  20,  Part  I.  These  results  are  plotted  in  fig.  70,  giving  the  curve 
AB.  The  curve  of  maximum  power  for  the  16-foot  Aermotor  No.  44  is 
redrawn  in  this  figure  as  curve  CD.  It  will  be  seen  that  these  curves 
are  nearly  parallel  to  16  or  17  miles  an  hour,  and  then  diverge  rapidly. 
Believing  that  much  of  this  difference  is  due  to  the  wind  wheel  of 
Professor  King's  mill  interfering  with  the  anemometer,  we  have  experi- 
mented with  two  anemometers,  one  located  29  feet  directly  south  of 
the  wind  wheel  of  mill  No.  44,  the  other  located  27  feet  directly  north 
of  it,  and  each  recording,  side  by  side,  the  wind  velocity''  on  an  elec- 
tric register.  The  hourly  wind  velocity  for  fourteen  consecutive 
hours,  during  the  first  ten  of  which  the  mill  was  working  and  during 
the  last  four  of  which  it  was  out  of  the  wind,  is  given  in  the  follow- 
ing table: 

Table  showing  wind  velocities  during  writer's  experiments  with  anemometers  on 

mill  No.  U» 


Direction 
of  wind. 


Wind  velocitiM. 


First 

Second 

Third 

Fourth 

Fifth    

Sixth 

Seventh 

Eighth 

Ninth 

Tenth 

Eleventh... 
Twelfth.... 
Thirteenth. 
Fourteenth 


Front  ane- 
mometer. 


Rear  ane- 
momeiter. 


BE 

...do.. 
...  do.. 
...  do  .. 
SW... 
...do. 

S 

SB..  .. 
...do.. 

do  _- 

...do.. 
...do.. 
...do.. 
...do  .. 


MiUM. 


Mile9. 


Ratio. 


15.0    ' 

10.2 

18.0 

13.4 

18.0 

18.5 

19.5 

12.8 

18.0 

18.5 

16.8 

12.6 

15.2 

10.0 

12.7 

9.6 

10.5 

7.5 

7.7 

5.5 

7.2 

7.2 

8.6 

8.6 

10.5 

10.6 

10.8 

10.4 

Per  cent. 
0.68 
0.74 
0.75 
0.65 
0.74 
0.77 
0.65 
0.76 
0.71 
0.72 
1.00 
1.00 
1.00 
1.00 


The  direction  of  the  wind  is  the  mean  for  each  hour,  as  shown  by 
an  anemoscope.  When  the  wind  was  from  the  southeast  it  occasion- 
ally came  for  a  short  time  almost  directl}'^  from  the  east;  and,  again, 
when  from  the  southwest  it  occasionally  came  for  a  time  from  the 
west. 

It  will  be  seen  that  the  hourly  velocity,  27  feet,  behind  the  running 
wheel  was  only  G5  to  77  per  cent  of  that  in  front  of  the  wheel.  As 
soon  as  the  wheel  was  turned  out  of  the  wind  the  two  anemometers 
recorded  nearly  the  same  velocity. 

Referring  now  to  the  direction  of  the  wind  when  Professor  King^s 
windmill  tests  were  made,  and  remembering  that  his  anemometer  was 
40  feet  directly  east  of  the  moving  wheel,  it  will  be  seen  that  nearly 
all  of  the  tests  were  made  when  the  wind  came  from  the  northwest  or 
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10  15  30  25 


the  southwest,  and  that  consequently  the  moving  wheel  nuist  have 
interfered  with  the  proper  working  of  the  anemometer,  causing  it  to 
record  a  less  velocity  than  actually  existed,  and  making  the  horse- 
power greater  than  if  the  anemometer  had  been  in  front  of  the  wheel. 
In  fig.  70  it  will  be  seen  that  an  inereane  of  from  5  to  25  per  cent  in 
Professor  King's  wind  velocities  would  move  his  curve  over  to  the 
right  of  our  curve.  These  curves  are  found  in  very  different  waj's — 
Professor  King^s  from  26  single  oljser  vat  ions,  ours  from  more  than  150 
observations.  Instead  of  finding  points  on  this  curve  when  the  proper 
load  is  unknown,  we  have  found  speed  and  power  curves  for  eonst^int 
loads,  and  from  these  drawn  the 
eurve  of  maximum  power.  None 
of  the  mills  that  we  have  tested 
have  given  a  power  curve  like 
AB  in  fig.  70.  It  will  be  noticed 
too  that  the  curve  CD  is  quite 
like  the  corresjionding  one  for 
the  12-foot  Aermotor.  This  w(» 
should  expect,  since  the  mills  are 
similar  in  construction. 

Comparison  with  Pern/s  ex- 
periments. — Indicated  velocities 
are  used  in  this  comparison. 
Some  of  Mr.  Perry's  results  are 
given  on  pages  20  and  21,  Part  I. 
His  tests  were  made  on  wheels 
Sfeet  in  diameter,  carried  against 
still  air  in  a  circle  14  feet  in 
diameter,  and  his  wind  veloc^itios 
were  not  greater  than  about  J 1 
miles  an  hour.  Mr.  Perry  states 
that  his  results  agree  with  those 
ofSmeaton.  A  comimrisou  of  oiir  results  with  Snieaton's  has  been 
given  on  pages  135  and  130. 

We  will  compare  in  detail  the  workiiiji:  of  two  of  Mr.  Perry's  wheels, 
viz,  Nos.  44  and  48,  with  that  of  our  li^-foot  Aermotor  Xo.  27. 

Mr.  PeiTy's  wheel  No.  44  is  somewhat  like  the  wind  wiieel  of  our 
li-foot  Aermotor  No.  27.  It  has  12  <*urv(Ml  woo<len  sails,  each  18  ])y 
12.3  bj'  5.8  inches,  having  a  weatluM*  aii<?le  at  the  inner  end  of  sail  of 
•W  and  an  angle  of  25''  at  tluj  outer  en<l.  The  air  is  more  obstructed 
in  its  passage  through  this  wheel  than  through  the  wheel  of  No.  27. 
The  following  are  some  of  the  results  for  these  mills  in  an  8.5-mile 
wind,  the  only  velocity  which  Mr.  Periy  gives  for  his  mill. 


H 

S 


< 
''J 

H 


Fig.  Ti).— DiaKram  Hhowinff  horsopowor  of  two 
it(-foot  Aormotors.  Curvo  AU  shows  brake 
horaoiMjwer  of  Profeawjr  KinK*s  10-foot  Aer- 
motor; C7>  Rhows  maximum  power  of  writer's 
l«-f oot  Aermotor  No.  44. 
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Comparison  of  remdts  of  tests  of  Perry* s  S'foot  mill  No.  44  with  vrriters  tests  oj 

12'foot  Aermotor  No,  27, 


i  Porry'8mUlNo.44.. 
i  12-foot  Aermotor 
!       No.27 


I 


RatioB. 


16 
73.0 


5.3 


Wind 


Load 


Maximam  load. 


▼eloc-  «-SJJ„    Revola- 


I 


Mil€».    Ft.-lba. 
8.5        11.8 

8.5        22.2 


44.4 
19.0 


,1- 


Noload. 


Cifc^i™-  1^!^!^  Revolu-  drcnm- 
ference '^"^''^•Itioiisper  ference 
velocity.  I  minute,  velocity. 


8.6 
11.9 


0.016 
0.13 


84.3 
32.5 


22.1 
20.4 


19.6 


1.38      8.12 


0.»3 


J 


It  will  be  seen  that  the  load,  in  foot-pounds,  per  revolution  of  wine 
wlieel  is  10.6  times  f?reater  and  the  circumference  velocity  for  maxi 
mum  load  is  1.38  times  greater  for  No.  27  than  for  the  5-foot  wheel,  bui 
that  the  circumference  velocity  for  no  load  is  a  little  less  for  No.  2^ 
than  for  the  other  mill.  The  power  of  the  12-foot  Aermotor  is  mon 
than  8  times  that  of  the  5-foot  mill,  and  its  sail  area  is  5.3  timet 
greater. 

We  will  next  compare  the  12-foot  Aermotor  No.  27  with  Mr.  Perry'i 
5-foot  mill  No.  48,  which  gave  the  greatest  power  of  the  61  wheels  test-ec 
by  him.  It  had  six  curved  pastelward  sails,  each  11»  by  23.7  by  lOA 
inches,  set  at  a  weather  angle  of  35°  at  the  inner  end  of  the  sail,  am 
at  an  angle  of  25""  at  the  outer  end.  All  obstructions  to  the  free  flov 
of  air  over  the  back  of  the  sails  were  removed.  The  following  an 
some  of  the  results  for  these  mills  at  a  wind  velocity  of  11  miles  ai 
hour: 


ComparxHon  of  resiUts  of  tests  of  Perry's  r^foot  viill  No.  48  with  writers  tests  r>^ 

LJ'foot  Aennotor  No.  iT. 


Mill. 


Perry's  mill  No.  48. 

12-foot     Aermotor 

No.  :rr 


Ratios 


Area 


Wind     ^^ 


Maximum  load. 


No  load. 


Horae- 


vftlor        P*^*" 
of  bail.      jfVr      revo     Revolu- ,  Circam- '  power.  Bevolu-   Circum- 

''      lution.  tionsper   ference  1 


minute,  velocity. 


tionsper   ference 
ite.    v^ 


minai 


relocitv." 


So.  ft.     Mih'M.    Ft.  IhM. 
U.2  11         'JiV'A 


74.0 


11 


',m 


38.5 


17.4 
17.9 


r.  •> 


u.» 


l.(W 


0.047 
0.288 


14^ 
45 


5.96 


:<:.  * 

28.3 

0.76 

It  will  be  seen  that  the  circumference  velocities  of  these  wheels  foi 
maximum  power  are  nearly  equal,  but  for  no  load  the  circumferenci 
velocity  of  the  5-foot  mill  is  about  25  per  cent  greater  than  that  of  th< 
12-foot  Aermotor.  The  power  of  the  latter  mill  is  nearly  six  times 
that  of  the  5-foot  mill.  Th(»re  are  more  air  obstructions  in  the  whee 
of  the  12-foot  mill  than  in  that  of  the  5-foot  mill,  so  that  the  differenci 
in  th(»  power  would  be  grc^ater  for  eciual  air  obstructions.     For  a  cor 


r 
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responding  amount  of  obstruction  the  ratio  of  power  would  probably 
be  6.5  to  7.  This  ratio  is  greater  even  than  12  -!-5^=5.7(),  the  ratio  of 
the  squares  of  the  diameters. 

From  this  comparison  of  the  results  of  our  tests  with  those  of  Smeaton 
and  Perry  it  will  be  seen  that  the  power  of  a  natural  moving  air  of  a 
l^ven  measured  velocity  is  greater  than  the  ri'sistanee  of  the  air  to  a 
f heel  carried  around  in  a  circle.  Some  of  the  laws  (see  page  114) 
which  have  been  found  to  govern  wheels  moved  against  still  air — 
notably  that  the  power  increases  as  the  cul>e  of  the  wind  velocity — are 
not  applicable  to  windmills  in  moving  air. 

ECONOMIC  COX8Il)KUATION8. 

The  i)Ower  of  windmills  has  l)een  conipute<l  from  tests  on  model 
windmills,  in  artificial  air  of  low  velocity,  assuming,  fii*st,  that  the 
power  increases  as  the  cube  of  the  wind  velocity,  and,  second,  that 
the  power  increases  as  the  square  of  the  diameter.  Our  tests  of  wind- 
mills recorded  in  the  preceding  pages  show  that  the  power  does  not 
increase  much  faster  than  as  the  square  of  the  wind  velocity,  and 
about  as  1.25  times  the  power  of  the  diameter  of  the  wind  wheel.  We 
believe  that  to  these  two  false  assumptions  is  due  the  exaggerateil 
power  of  windmills  claime<l  by  windmill  makci-saml  others  interested. 
A  good  12-foot  steel  mill  should  furnish  1  horsepower  in  a  20-niile 
wind  (indicated)  and  1.4  horsepower  in  a  L*o-mile  wind.  This  is  the 
smallest  amount  of  power  that  will  do  any  considerable  amount  of 
nsefnl  work.  A  IC-foot  mill  will  furnish  1.5  hoi'sepower  in  a  iH)-niile 
wind  (indicated)  and  2.3  horsepower  in  a  i'5-mile  wind. 

A  12-foot  steel  mill  and  a  50-foot  steel  tower  as  ccminionly  made 
weighabout  2,0(X)pounds.  A  ir)-f<M)tsicel  niillanda/iO-foot  stccltower 
weigh  about  4,250  pounds.  The  Ki-fooi  outfit  weighs  more  than  twi(.*e 
tliat  of  the  12  foot,  and  its  powc»r  is  only  1.5  that  of  the  latter.  In 
addition,  the  12-foot  mill  will  gov<Mn  more  (»asily  and  is  less  likely  to 
beinjure<l  in  a  storm  than  the  IG-foot  mill.  In  most  cjises,  therefoix*, 
ftis better  to  use  two  12-foot  mills  than  one  M-foot  mill. 

The  economic  value  of  a  windmill  dc^peuds  on  its  first  cost,  on  the 
cost  of  repairs,  and  on  its  j>ower.  Most  of  tin-  efVort  put  forth  at  the 
present  tin^e  to  impK)ve  windmills  is  «lin'cted  towanl  i'edu<Mng  the 
first  cost.  Competition  is  so  strong  that  the  cost  must  1m»  kept  low, 
and  this  is  often  aceomplishe<l  at  the  sa<M'ifice  of  (he  other  two  faeloi-s — 
co«t  of  refmira  and  power.  The  pumping  mills  and  tlieir  towers  an*, 
*te a  rule,  too  light  and  lacking  in  stiffness.  It  is  said  that  in  some 
parts  of  the  West  wooden  mills  are  coming  into  use  again,  on  acc^ount 
of  the  lightness  and  |K)or  <iuality  of  the  steel  mills.  This,  however,  is 
afiiult  of  the  making,  not  of  the  material.  The  woodcMi  tower  is  st  ifTer 
and  more  rigid  than  the  street  tower. 

Power  is  the  most  important  factor,  ami  next  to  tliat  should  come 
i^treng^h,  stiffness,  and  durability. 
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It  has  been  shown  that  the  steel  mUls,  with  their  few  large  sail 
have  much  more  power  than  the  wooden  mills  with  their  many  sma 
sails.  (See  page  106.)  A  mill  should  have  as  few  moving  parts  ^ 
possible,  in  order  that  the  loss  of  power  by  friction  shall  be  smal 
also  the  liability  to  get  out  of  working  order  be  reduced  to  a  minimun 
The  XK>wer  of  a  mill  is  at  best  so  small  that  if  there  is  much  f  rictic 
there  is  little  power  left  to  do  useful  work.  The  grinder  should  I 
on  the  foot  gear  and  not  worked  by  a  belt,  and  the  shafting  and  co| 
wheels  should  not  be  too  heavy.  In  the  large  wooden  mills  the  shaf 
ing  is  much  too  heavy;  apparently  it  is  designed  on  the  assumptio 
that  the  mill  will  furnish  several  times  more  power  than  it  really  cai 
The  mill  should  be  carefully  erected,  the  vertical  shafting  exactl 
vertical  and  the  horizontal  shafting  truly  horizontal,  so  that  thei 
will  be  no  binding  of  the  parts.  Poor  workmanship  is  an  importai 
cause  of  the  small  i>ower  of  some  mills.  Only  a  skilled  workman  wli 
undei*stands  the  business  should  be  employed  to  erect  a  windmill. 

The  mills  should  be  placed  at  a  proper  height  above  surroundin 
obstructions — at  least  30  feet  above  the  highest  trees  and  building 
This  calls  for  a  tower  from  50  to  70  feet  high.  It  is  better  to  use 
small  wheel  on  a  high  tower  than  a  large  wheel  on  a  low  tower.  A 
8-foot  wheel  on  a  70-foot  tower  will  probably  do  more  work  in  a  give 
time  than  a  12-foot  wheel  on  a  30-foot  tower  with  trees  and  building 
around  it.  The  tower  should  be  finn  and  rigid,  no  shaking  under 
heavy  wheel  load.  Steel  towers  are  in  constant  vibration  und< 
heavy  loads. 

A  mill  should  govern  readily  at  the  proper  wind  velocity,  but  th 
velocity  need  not  be  less  that  30  miles  an  hour.  A  weight  appears  t 
be  better  than  a  spring  for  holding  the  wind  wheel  in  the  wind.  Th 
tension  of  a  spring  can  not  readily  be  changed  when  desired  but  ma 
gradually  lose  its  tension.  (See  pages  GO  and  110. )  There  is  very  gren 
need  of  an  automatic  device  for  changing  the  load  on  a  pumping  mi 
as  the  wind  velocity  chaniJ^es.  The  mill  should  start  in  a  light  wine 
say  4  to  5  miles  an  hour,  or  it  will  be  idle  many  hours  when  it  shoul 
be  at  work;  but  in  order  to  do  this  it  must  be  lightly  loaded.  In  th 
higher  wind  velocities,  with  a  light  load  the  mill  will  do  only  a  sma 
fraction  of  the  work  it  would  do  with  a  much  heavier  load.  Th 
increase  in  the  load  should  be  nearly  proportional  to  the  increase  i 
the  wind  velocity.  (See  page  113.)  Until  such  a  device  is  invente 
the  load  should  depend  on  the  wind  velocity  of  the  place  where  th 
mill  is  to  be  used  and  on  the  amount  of  storage. 

The  pumping  mill  is  ordinarily  constructed  so  that  all  of  the  useft 
work  is  done  on  the  upstroke  of  the  pump,  proilucing  a  jerky  motio: 
and  excessive  strain  on  the  working  parts.  This  defect  is  parti 
remedied  by  the  use  of  a  large  plunger  rod,  which  will  force  up  som 
of  the  water  on  the  downstroke.     A  second  remedy  is  the  use  of  j 
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lever  with  a  heavy  weight  at  one  end,  the  other  end  being  attached 
to  tbe  plunger  rod.  As  the  plunger  moves  down  the  weight  on  the 
end  of  the  lever  is  raised  on  the  upstroke.  The  descent  of  the  weight 
iBBists  the  mill  in  lifting  the  water.  Neither  device  is  satisfactory. 
A  pumping  mill  working  direct  stroke  makes  too  many  8ti*okeH  i>er 
minute  at  wind  velocities  above  about  15  miles  an  hour.  The  valves 
ordinarily  used  for  small  pumps  will  not  work  well  if  the  number  of 
strokes  is  greater  than  30  per  minute.  The  mill  should  be  geared 
back  about  2  to  1  for  large  mills  and  about  3  or  4  to  1  for  small  mills.* 
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COPEYANCE  OF  WATER  IN  IRRIGATION  CANALS, 

FLUMES,  AND  PIPES. 


By  Samuel  Fortier. 


INTRODUCTIOX. 

The  vast  extent  of  arid  land  in  the  United  States — f  ullv  two-fifths  of 
its  area — includes  some  of  the  richest  agricultural  land  on  the  globe. 
Its  utilization  rests  not  merely  upon  obtaining  water,  but  to  a  large 
extent  upon  bringing  water  to  the  land  at  a  cost  (H)mmensurate  with 
the  value  of  the  crops  raised.  The  question  of  cost,  therefore,  enters 
largely  into  all  considerations  of  the  extent  to  whic^h  the  arid  region 
can  be  redeemed  by  irrigation.  With  improved  methods  and  appli- 
ances the  cost  of  irrigating  works  can  })e  greatly  reduced  and  the  anm 
of  tillable  land  correspondingly  increased.  This  paper  has  been  pre- 
pared for  the  pui*pose  of  calling  attention  to  present  practices  in  the 
conveyance  of  water  in  irrigation  canals,  flumes,  and  pipes,  and  to 
point  out  ways  in  which  works  of  this  character  can  be  built  with 
greater  permanence  and  at  less  cost  than  those  now  in  existence. 

IRRIGATION  CANALiS. 

The  network  of  ditches  and  canals  which  perv^ados  the  cultivated 
portion  of  arid  America  varies  in  size  from  the  furrow  of  the  irrigator 
to  the  large  canal  of  the  corporation.  While  the  capacity  of  the 
smaller  may  be  less  than  1  second-foot,  that  of  the  larger  may  exceed 
1,000  second-feet.  As  a  rule  the  small  ditches  were  })uilt  bv  individual 
settlers,  those  of  medium  size  bv  communities  of  farmei*s.  and  the 
large  canals  by  capitalists. 

LOCATION. 

When  a  canal  is  to  be  built  to  convey  water  to  a  tract  of  land,  consid- 
erable preliminary  work  is  necessary  }>efore  its  location  can  be  deter- 
mined. It  is  not  difficult  to  ascertain  the  total  area  of  land  under  any 
pTopoeed  canal,  but  care  and  good  judgment  must  be  exercised  in  esti- 
mating the  percentage  of  the  total  area  which  is  arable  and  irrigable. 
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The  acreage  that  can  be  irrigated  having  been  determined^  it  is  neces- 
sary to  as<*ortain  the  volume  of  water  that  will  be  required  for  the 
trai*t — i.  e.,  the  net  volume  after  deducting  loss  due  to  evapomtion 
and  seepage  from  the  volume  admitted  through  the  head  gates.  The 
prL'liminary  line  may  start  from  the  source  of  supply  or  from  the  land 
to  be  watered.  When  the  boundaries  of  the  tract  are  known  and 
there  is  little  choice  as  to  the  location  of  the  head  gates,  the  better 
way  is  to  start  at  the  highest  point  of  land  to  be  watered  and  run 
toward  the  source  of  supply  on  a  proper  grade.  On  the  other  hand, 
if  there  is  a  particular  location  on  the  river  from  which  water  can 
Ih>  i*eadily  and  cheaply  diverted,  it  is  well  to  begin  at  that  point  and 
extend  the  location,  allowing  for  the  necessary  grade  toward  the  land 
to  be  watered.  This  mode  of  procedure  is  preferable  when  the  ter- 
ritory covered  by  the  proposed  canal  is  extensive  and  unsettled,  and 
when  economy  in  construction  is  of  greater  importance  than  the  area 
to  be  sensed.  The  zero  of  the  final  location  should  be  at  the  point  of 
diversion. 

In  loi-ating  the  c<»nter  line  of  a  canal  the  practice  of  the  writer  has 
been  to  employ  two  level  parties.  One  level  party  precedes  the 
transit  party  and  sets  temporary  stakes  on  grade,  irrespective  of  the 
sharpness  of  the  bends  or  the  irregularity  of  the  general  alignment. 
The  other  party  follows  the  transit  party  and  takes  the  elevations  of 
the  IcH'ated  line.  Before  proceeding  to  work  the  level  party  ascertains, 
from  standaixi  cross  sections  of  the  proposed  canal,  the  depth  of  the 
cut  at  the  center.  The  levelman,  with  his  rodman,  chainman,  and 
stiike-driver,  places  a  long,  slim  stake,  such  as  a  lath,  at  each  100-foot 
station  on  surface  grade.  This  surface  is  always  at  a  fixed  distance 
above  the  bottom  of  the  excavated  canal.  If  the  proposed  canal  were 
to  l)e  10  feet  wide  on  the  bottom,  the  difference  between  the  bottom 
grade  and  the  surface  grade  might  be  2  feet;  if  the  proposed  canal 
were  to  be  16  feet  wide,  the  difference  might  be  4  feet,  and  so  on,  in 
like  proportion.  The  transit  party  lays  down  as  straight  and  direct  a 
location  line  as  is  possible,  consistent  with  the  grade  stakes.  These 
grade  stakes  arc  visible  to  the  transitman  between  transit  points,  and 
represent  the  irregularities  of  the  surface  across  which  he  is  sighting. 
When  their  position  is  zigzag  he  usually  can  locate  a  straight  line  or  a 
curve  between  them,  so  as  to  have  an  equal  number  on  each  side  of  the 
line  and  thus  equalize,  in  a  measure,  the  excess  and  deficiency  of  exca- 
vation. A  strict  adherence  to  the  grade  line  makes  a  bad  location.  It 
not  only  increases  the  length  of  the  line,  but  introduces  a  multitude  of 
sharp  curves,  which  are  a  serious  objection  in  the  operation  of  canals. 
The  transitman  may  also  lessen  the  distance  by  building  low  embank- 
ments at  the  head  of  dry  ravines.  Instead  of  following  the  grade 
stakes  from  A  around  to  67  and  ^B,  fig.  1,  he  may  extend  the  line  from 
,^Jo  JS,  and  build  a  small  embankment  on  the  low  side  of  the  located 
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line.    In  i*analsof  low  grade  such  ponds  as  6",  B^  A  make  good  ^KatliIlg 
basins,  where  the  silt  accumulates  instead  of  in  the  main  channel. 

STANDARD  GROSS  SECTIONH. 

When  the  preliminary  lines  are  being  run,  notes  are  taken  of  the 
slope  of  the  ground  and  the  character  of  the  materials.  From  this 
information,  coupled  with  a  knowledge  of  the  required  capacity,  stand- 
ard cross  sections  are  made  to  suit  the  various  slopes  and  capacitie.'<. 

In  these  sections  the  material  excavated  is  usually  placed  in  sucli  a 
manner  as  to  form  the  embank- 
ments.     On    level    ground  the 

embankments  are  equal,  on  slop-        ^- — »^ 

ing  ground  the  greater  part  of 
the  excavated  material  is  depos- 
ited on  the  low  side,  and  on  steep 
slopes  all  of  the  material  exca- 
vated goes  to  form  the  lower 
embankment. 

In  fig.  2  is  shown  a  half  section 
of  a  canal  on  level  ground  to  carry 
about  100  second-feet  of  water 
with  a  mean  velocity  of  between 
2J  and  3  feet  per  second.  It  is 
12  feet  wide  on  the  bottom,  with  side  slopes  of  1  to  1,  a  berm  of  3 
feet,  and  embankments  6  feet  wide  on  top.  The  depth  of  water  is  3 
feet.  To  the  right  is  a  half  section  of  the  same  canal,  showing  the 
form  it  is  likely  to  assume  after  })oinef  in  use  several  veal's.  In  com- 
paring  this  half  section  with  th<'  former  half  section  it  will  be  noted 
that  the  center  of  the  bed  is  slightly  (»rod(»d,  the  sharp  corner  of  the 
berm  worn  down,  and  the  material  depositcnl  along  the  bottom  edge. 
The  embankment  also  has  settled  and   is  of   a  seniiolliptical   form. 


Fiu.  1.— EmlLMiukiueut  on  low  Hide  of  a  caiial. 


Fig.  2.— Hall  wction  of  a  ranal  on  level  ground. 


From  an  examination  of  many  sections  obtained  from  canals  long  in 
use  the  author  is  led  to  believe  that  few  channels  in  earth  remain  long 
in  the  form  in  which  thev  were  first  constructed.  The  materials  most 
commonly  met  with  assume,  in  time,  a  cross  section  similar  to  that 
shown  in  fig.  2.  Such  being  the  case,  th(»  utility  of  berms  is  appar- 
ent. In  the  case  under  considei-ation  a  part  of  the  (»xeavated  material 
would  find  its  way  into  the  channel  and  have  to  be  removed  a  second 
time.     In  deep  cuts  or  on  steep  hillsides  berms  are  dispensed  with,  for 
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till'  n'liHoti  that  it  in  nioro  economkral  to  remove  once  a  vear  the  mate- 

m 

riiil  wliirli  rollH  down  than  to  enlarge  the  section  sufficiently  to  intro- 

<lu(*i*  th(*in. 

TIk*  top  width  of  th(i  embankments  can  not  be  made  much  Ies8  than 
(I  f(M*t,  iinloHH  Noino  kind  of  large  grader  }:>  used  to  remove  the  dirt 
WhiMi  t4»iiniH  an*  employed  thej'  crowd,  unless  the  driveway  is  nearly 
((  f«M*t  widt'.  T\n\  top  of  the  embankment  should  also  be  of  a  uniform 
^i'H(ii«  and  imrallol  to  the  lK>ttoni  grade.  Any  excess  of  materials 
Nliould  Im*  placi^l  on  the  outer  slo{)e,  and  not  piled  up  in  heapci»  above 
tlir  ^nidf  n(  tlio  rnil>ankmont. 

In  lo<>atin^  a  canal  it  is  difficult  to  plan  for  just  enough  earth  to 
nmko  tilt'  oinbankincnts — in  almost  ever}*  case  there  is  either  a  surplus 
or  II  (li*li('ipncv.  If  the  standard  cut  at  the  center,  or  grade  rod^  as  it 
Im  tiM'tntMl,  in  2}  foot,  as  in  H^.  2,  there  will  be  portions  with  a  depth 
of  ii  foi»(  or  h^sM  and  4)t]ior  portions  with  a  depth  of  3  feet  or  more.  If 
tlioHo  II  ro  udjiK'ont,  tho  excess  in  the  one  may  suffice  for  the  shortage 
ill  tlio  other.  Tlu»n^  ani  times,  however,  when  borrowing  from  some 
otluT  Noiirce  must  be  rosoilcd  to.  Some  prefer  to  borrow  from  the 
bo(|  of  tluMMinal;  but  this  seems  to  l)e  a  Imd  practice.  By  scooping 
(Mit  tlii^  bottom  in  places  the  gi*ade  and  mean  velocity  are  no  longer 
unifoniK  and  it  is  difficult  to  re|mir  or  clean  the  canal,  on  account  of 
th(«  pools  of  stagnant  water  which  arc  formed  in  such  pits.  Others 
preftM*  to  widen  the  canal  without  digging  below  grade.  There  are 
stM'iouH  <»bjeetions  to  these  sudden  changes  of  cross  section,  but  on  tho 
whole  the  piiictico  is  Iw^tter  than  interfering  with  the  grade.  Perhaps 
the  lM»tt<M*  way  is  to  i)lan  th**  standard  cross  sections  so  that  the  amount 
exeiivatiMl  will  be  in  t»xct\ss  of  that  I'equii'cd  to  form  the  embankments. 
WIhmi  m  low  pluci*  in  tin*  location  is  encountered,  the  excess  material 
can  be  hauled  a  distance  ot  2iM)  feet  or  more  from  each  side,  to  make 
\i\)  the  deti<'iency.  When  the  exnivatcd  material  is  mpre  than  suffi 
cient  h)  form  the  iMubankments,  the  surplus  can  be  added  to  the  outer 
sloiie  without  dot  meting  from  the  appearance  of  the  canal. 

GRADES. 

It  is  ditlicult  to  determine  aright  the  proper  grade  or  fall  for  a  pro- 
|K)sod  canal.  It  is  true  that  the  velocity  of  water  depends  primarily 
on  the  gnide,  but  there  are  so  many  conditions  which  affect  the  flow, 
that,  having  fixed  ujxjn  a  fall  in  a  given  length  of  canal,  it  is  not  easy  to 
predict  what  the  mean  velocity  will  be.  This  mean  velocity  is  always 
important,  for  in  nearly  every  canal  in  earth  there  is  a  rate  of  motion 
which  is  adapted  to  the  character  of  the  materials  through  which  the 
wat<M*  flows.  If  this  motion  l)e  too  great,  the  flner  particles  will  Ik? 
carried  away,  leaving  a  mass  of  porous  materials  through  which  much 
water  will  seep  and  percolate,  thus  i*educing  the  volume  in  the  canal. 
^)u  tho  other  hand,  if  the  motion  of  the  water  be  too  slow,  the  conse- 
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qoences  are  also  serious.  The  sediment  borne  b}"  the  swift  currents  of 
mountain  streams  is  deposited  in  the  artificial  channel  and  would  in 
time  fill  it  if  not  periodically  removed.  The  capatdty  of  the  canuK 
owing  to  deficiency  in  velocity,  is  also  retluced,  and,  as  is  pointed  out 
d^where,  aquatic  plants  seem  to  grow  more  abundantly  and  give  much 
more  trouble  in  canals  having  a  low  velocity.  As  already  stilted,  voIck*- 
ity  depends  on  the  volume  carried,  on  the  form  of  cross  section,  and 
on  other  factors.  The  velocity  of  water  in  a  farmers  lateral  on  a 
grade  of  50  feet  to  the  mile  may  not  be  so  great  as  that  of  the  large 
canal  on  a  grade  of  1  foot  to  the  mile.  One  of  the  latenils  of  the 
Logan  and  Hyde  Park  canal,  in  Cache  County,  Utah,  has  a  fall  of  52 
feet  to  the  mile,  and  when  measured  had  a  mean  velocity  of  Ijt  feet  jwr 
second  and  a  discharge  of  0.85  second-foot.  The  Point  I-K)okout  canal, 
in  Boxelder  County,  Utah,  on  a  grade  of  1.43  feet  to  the  mile,  has 
a  mean  velocity  of  1.48  feet  per  second  and  a  discharge  of  87i  second- 
feet  This  great  difference  in  gmdc,  while  the  velocities  are  nearly 
equal,  is  to  be  accounted  for  in  l)oth  the  forms  of  the  channels  and  the 
volumes  of  water  carried.  In  the  small  lateral  the  nitio  between  the 
iwiterarea  and  the  f rictional  surface  was  I  to  4,  while  in  the  large 
canal  this  ratio  was  less  than  1  to  i. 

For  ditches  and  canals  built  in  common  earth  the  mean  velocitv 
should  not  vary  much  from  2f  feet  per  second  under  a  full  head.  The 
behavior  of  such  watercourses  in  the  West  during  the  last  fifteen  years 
s^exuH  to  verify  this  statement.  Assuming  this  to  be  a  fact,  it  onlv 
remains  to  allow  sufficient  grade  to  produce,  under  given  conditions, 
the  recjuired  mean  velocity. 

The  injurious  effects  of  either  too  much  or  too  little  grade  are  well 

shown  on  two  canals  in  Gallatin  Countv,  Montiina.     The  Middle  Creek 

lanal  was  built  about  thirty  years  ago,  to  divert  water  from  Middle 

Creek.    The  grade  was  established  liy  means  of  a  triangle  and  plumb 

line.     With  the  dread  ever  present  in  the  minds  of  the  openitors  of 

getting  too  little  fall,  they  went  to  the  oth<»r  extreme  and  allowed  too 

much  fall.     The  giude  near  the  upper  end  is  nearly  I  per  cent,  but  it 

diminishes  to  about  i  in  200  over  the   fourth  mile,  while  the  main 

branches  are  on  the  slope  of  the  valley,  which  is  from  75  to  80  feet  to 

the  mile.    In  consequence,  the  velocity  near  tin*  head  is,  in  plac(\s,  more 

than  5  feet  per  second,  and  the  bed  of  the  channel  is  washed  clean  of 

all  eaith  and  sediment,  leaving  a  porous  mass  of  coarse  gravel  and 

cobbles.     So  great  is  the  seepage*  through  this  formation  that  the  loss 

in  4  miles  was  21.5  second-feet,  or  22  per  cent  of  the  total  flow  during 

the  month  of  July  last.     The  elfect  of  high  velocities  on  the  Fowler 

Switch  canal,  California,  is  shown  in  PI.  I,  ^1. 

The  Kleinschmidt  canal,  Montana,  was  built  alx)ut  twelve  years  ago 
to  divert  water  from  West  Gallatin  River.  It  was  well  located,  bv  a 
(competent  engineer,  but  the  jrnxjcU)  lulopted  was  only  sufficient  to  pro- 
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duce,  when  running  full,  a  ui(^n  velocity  of  about  2  feet  per  second. 
Had  this  canal  been  operated  to  its  full  capacity  during  the  last  ten 
years,  the  effects  of  the  low  grade  might  not  have  been  apparent;  but 
inasmuch  as  the  volumes  carried  have  varied  from  25  to  50  second-feet, 
instead  of  100  second-feet,  its  approximate  maximum  capacity,  the 
deposition  of  silt  has  been  very  great.  In  places  this  silt  is  found 
spread  over  the  bottom,  but  more  frequently  there  is  only  a  thin  layer 
on  the  bottom  and  the  balance  is  found  fairly  regularly  deposited  on 
the  edges,  as  represented  in  fig.  3.  If  one  may  judge  by  present  con- 
ditions, the  bottom  width  was  originally  14  feet,  with  side  slopes  of 
1  to  1,  a  benn  on  the  lower  side,  and  the  embankment  about  4  feet  6 
inches  above  grade.  This  supposed  original  section  is  shown  by  the 
dotted  line,  while  the  heavy  line,  with  the  filling  of  silt  at  the  edges, 
represents  existing  conditions.  The  grade  of  this  canal,  with  the 
exception  of  the  upper  7,000  feet,  is  2.64  feet  to  the  mile.  While  the 
mean  velocity  of  the  present  flow  is  not  known,  it  is  presumed  to  be 


FXO.  8.— Kleiiiw:hmidt  cnnal,  uu  Wetit  GallaUn  River,  Montana,  showing  ailt  deposit  on  bottom  Hud 

edges. 

not  more  than  14^  feet  per  second;  the  calculated  velocity,  when  the 
depth  is  2i  feet,  is  a  trifle  more  than  2  feet  per  second. 

OPKRATING   OANAI^   IN    WINTER. 

The  irrigation  canal  is  frequently  the  only  source  of  water  supply  of 
the  new  settler.  In  many  unirrigated  localities  in  the  West  well  water 
is  often  difficult,  if  not  impossible,  to  obtain.  When  extensive  areas 
of  land  are  irrigated  every  summer  for  a  number  of  years,  a  part  of 
the  water  so  used  is  absorbed  by  the  earth  and  gi*adually  fills  the 
underlying  strata.  In  this  way  the  water  level  is  brought  nearer  the 
surface  of  the  ground,  and  water  can  often  be  obtained  by  digging 
inexpensive  wells.  Until  this  change  is  effected,  however,  the  new 
settler  depends  on  the  canal,  not  only  to  irrigate  his  crops,  but  to  fur- 
nish water  for  his  home  and  his  stock.  Hence,  for  the  accommodation 
of  farmers  who  have  no  other  means  of  obtaining  water,  irrigation 
canals  are  frequently  operated  throughout  the  year,  with  the  exception 
of  a  short  period  in  the  early  spring  when  the  water  is  turned  out  to 
facilitate  cleaning  and  repairs. 

When  the  water  conveyed  in  the  canal  performs  the  dual  function  of 

irrigating  land  and  furnishing  a  domestic  supply  for  a  town  or  <^ity,  it 

is  necessarv  that  its  efficiencv  be  maintained  during  the  winter  months. 

The  small  cities  of  the  West,  with  populations  varying  from  1,0<M)  to 

■UOO^  have  usually  a  small  waterworks  plant  and  the  beginning  of  a 
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sewer  nystem.  Often  their  available  uu^ans  will  not  peiiiiit  the  con- 
struction of  a  conduit  to  tap  the  waters  of  a  natural  stream,  in  which 
cuh«  a  temporary  arrangement  is  made  by  extending  the  distributive 
svsjtem  of  the  water  mains  to  the  iie^irest  available  canal  until  such 
time  as  means  can  be  provided  to  carry  the  supply  pipe  to  the  river. 
This  forms  the  second  class  of  canals  that  are  opei*ated  during  the 
winter  months. 

The  third  class  is  operated  solely  for  mechanical  purposes,  and  since 
power  is  needed  for  milling,  manufacturing,  and  mining  in  winter  as 
well  as  in  summer,  efforts  are  made  to  k<M»p  such  canals  full  of  water 
during  even  the  coldest  weather.  The  ditiicidties  which  canal  super- 
intendents and  mill  men  experient^e  in  doing  this  consist  not  in  the 
removal  of  the  surface  ice,  but  in  g(»tting  rid  of  and  overcoming  the 
Ijad  effects  of  anchor  ice  and  slush  ice.  The  conduits  and  canals  of 
the  Rocky  Mountain  region  head  for  the  most  part  in  the  canyons 
adjacent  to  the  cultivated  valleys.  In  winter  the  tcmpemture  within 
these  canyons  is  from  10*^  to  SO"-  F.  lower  than  that  of  the  bordering 
plain,  which  fact,  together  with  the  c^xjMjsed  |x)sitions  and  the  high 
velocity  of  the  water,  seems  to  be  favorable  to  the  formation  of 
so-called  anchor  ice.  This  form  of  ice  differs  from  surface  ice  in  that 
it  adheres  to  the  bottom  and  sid(»s  of  the  exposed  channel  in  small, 
long  crystals  until  the  size  of  the  water  channel  is  greatly  reduced  and 
in  time  becomes  entirely  choked.  As  the  w^eather  grc»ws  warmer  the 
ic*e  which  has  formed  beneath  the  surfa<'e  is  detached,  rises  to  the  sur- 
face, and,  as  slush  ice,  floats  down  with  the  current.  This  slush  ice 
not  infrequently  grounds  in  the  bed  of  th(»  channel  and  other  ice  arcu- 
mulates  at  the  same  place,  until  an  ho  dam  is  formed  which  (•auses  a 
break  in  the  canal  Imnk.  Th«»  portion  which  floats  down  the  canal  is 
likely  to  choke  the  intake  of  the  wat(»rworks  or  prevent  the  openition 
of  the  gates  and  water  wheels  of  the  mills. 

Usually  ice  forms  in  thin  sheets  on  the  surface  of  cold  water.  The 
average  weight  of  a  cubic  foot  of  iUmv  v'lvov  water  is  about  f>2i 
pounds;  the  weight  of  a  cubic  foot  of  ice  is  57i  ]X)unds.  Hence,  if  a 
block  of  ice  were  submerg(»d  below  the  surface  of  a  stream  it  would, 
unless  held  down  bv  some  force,  inunediatelv  rise  to  the  surface.  It 
is,  however,  true  that  ice  frecjuently  forms  on  the  bottom  and  sides  of 
canals,  streams,  and  large  rivers  and  rtMiiains  submerged  until  a  rise  in 
temperature  withdraws  it  from  its  moorings  and  causes  it  to  float.  In 
the  United  States  this  form  of  ici*  is  connnonlv  known  as  anchor  ice 
^r ground  ice;  in  Canada  it  is  called  frazil  ice;  while  geologists  some- 
thnes  apply  to  it  the  term  specular  ic<\  According  to  Mr.  Peterson, 
(^"hief  engineer  of  the  Atlantic  and  Northwest  Railway  Compau}.*  when 
fundings  were  made  during  the  winter  of  lh81-8i^  lU'ross  the  channel 
of  St  Lawrence  River  above  Lachine  Rapids  and  below  l^ake  St.  Louis 
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for  the  site  of  the  present  St.  Lawrence  Bridge,  anchor  ice  from  2  to  3 
feet  deep  was  found  adhering  to  the  bed  of  the  channel.  At  this  bridge 
the  river  varies  in  depth  from  5  to  40  feet.  The  bridge  proper  is 
nearly  three-fourths  of  a  mile  long,  and  the  current  at  low  water  varies 
from  2i  to  6  miles  an  hour.  The  anchor  ice  formed  during  a  period  of 
extremely  cold  weather,  when  the  temperature  was  below  zero.  A 
subsequent  rise  in  temperature  detached  it  from  the  bed,  when  it  imme- 
diately rose  to  the  surface  and  floated  downstream  in  the  form  of 
slush  ic«. 

From  observations  in  different  parts  of  this  continent,  the  conditions 
most  favorable  to  the  fonnation  of  anchor  ice  seem  to  be  a  water  sur- 
face uncovered  by  surface  ice,  a  temperature  at  of  below  zero,  a  clear 
sky,  and  moving  water,  caused  either  by  wind  on  lake  surfaces  or  by 
currents  in  stream  channels.  This  form  of  ice  is  seldom  found  in 
the  bed  of  a  channel  of  water  which  is  frozen  over.  It  rises  to  the 
surface  on  cloudy  days,  and  is  usually  produced,  other  conditions  being 
&vorable,  during  starry  nights  or  clear  days.  It  seldom  forms  in  still 
water,  but  it  is  frequently  found  below  rapids  or  fast-moving  currents. 
A  low  temperature  is  the  chief  cause  of  this  phenomenon.  In  still 
water  in  winter  the  bed  of  the  channel  of  a  stream  or  canal  is  usually 
several  degrees  warmer  than  the  surface  of  the  water.  When,  however, 
the  bed  is  rough  and  the  grade  steep,  the  upper  layers  of  water  move 
much  faster  than  those  nearer  the  bottom,  and  instead  of  moving  in 
straight  lines  parallel  to  the  axis  of  the  stream,  the  water  advances 
in  irregular  curves.  A  particle  of  water  would  thus  describe  a  path 
similar  to  a  point  on  the  surface  of  a  revolving  object  of  the  desired 
form.  At  the  time  of  the  Johnstown  flood,  credible  witnesses  testi- 
fied that  they  saw  locomotives  floating  on  the  surface  of  the  water.  As 
a  matter  of  fact,  they  could  not  float,  but  that  they  were  brought  to 
the  surface  for  an  instant  by  the  force  of  the  revolving  current  was 
well  established.  If  we  accept  the  statement  that  the  motion  of  rapidly 
moving  water  over  a  rough  surface  is  extremely  complex,  it  follows 
that  a  particle  of  water  which  has  become  chilled  by  the  cold  at  the 
surface  will  in  a  brief  space  of  time  be  in  contact  with  the  bottom.  In 
this  way  the  temperature  of  the  bed  might  be  reduced  considerably 
below  the  freezing  point,  and  crystals  of  ice  would  then  adhere  to  it  in 
the  same  manner  as  to  the  extension  rod  of  a  reservoir  valve,  which 
in  cold  weather  is  often  covered  with  a  mass  of  ice  crystals  to  the  depth 
of  an  inch  or  more.  When  the  wind  blows  cold  over  a  lake  surface, 
the  upper  2  or  3  feet  may  become  as  cold  as,  if  not  colder  than,  the 
surface  sheet  of  still  water  when  ice  begins  to  form.  In  the  former 
case,  the  water  is  full  of  ice  needles  to  a  considerable  depth;  in  the 
latter  case,  the  needles  are  congregated  in  a  horizontal  plane  at  th^ 
mirface. 

To  successfully  operate  canals  in  winter,  attention  should  be  givei"* 
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to  a  few  pointH  which,  as  the  writer  han  learned  h\'  experience,  it  i8 
wise  to  observe.  One  of  thes.e  somewhat  ^^enoral  rules  is  to  increase 
the  flow  prior  to  the  beginning  of  the  ice-forming  period.  Many 
water  masters  consider  it  safer  to  turn  out  most  of  the  water  before  a 
cold  spell,  in  the  belief  that  the  canal  will  be  less  likely  to  become 
choked  and  overflow.  This  is  a  mistaken  course,  for  it  exposes  a  larger 
proportion  of  the  channel  of  the  canal  to  the  action  of  frost,  and,  other 
conditions  being  equal,  a  small  flow  will  be  converted  into  ice  more 
rapidly  than  a  large  flow.  It  is  l)etter  to  maintain  an  average  flow 
before  the  beginning  of  freezing  weather,  and  if  all  of  the  water  is  not 
needed  it  may  be  allowed  to  flow  through  wastoways  near  the  lower 
end.  In  this  way  the  channel  is  kept  free  from  frost,  and  if  the  head 
is  not  allowed  to  vary  a  thick  coating  of  ice  will  in  time  form  across 
the  top.  With  such  a  covering  and  with  no  frost  in  the  bottom  of  the 
canal,  the  writer  has  never  known  anchor  ice  to  form. 

It  is  true  that  slush  ice  may  be  admitted  into  the  canal  through  the 
intake;  but  if  care  is  exercised  in  by-passing  or  screening  the  greater 
part  through  wasteways  at  secondary  gates,  the  remainder  which  may 
be  allowed  to  enter  the  canal  will  not  prove  troublesome,  since  the 
temperature  of  the  water  beneath  the  ice  will  be,  as  a  rule,  sufliciently 
high  to  melt  the  ice  crystals. 

AQUATIC   PLANTS   IN    CANALS. 

Two  years  ago,  at  a  farmers'  institute,  the  following  question  ^as 
asked:  Can  the  growth  of  water  plants  in  irrigation  canals  l)e  pre- 
vented, and,  if  not,  how  can  such  growth  l)e  most  economically  removed  ? 
In  the  discussion  which  followed  various  crude  devices  for  the  r<»moval 
of  moss,  as  it  is  termed,  were  described,  and  the  fact  that  it  grew  most 
abundantly  in  canals  of  low  grade  and  sluggish  velocity  was  clearly 
brought  out. 

In  all  of  the  warmer  States  and  Territories  of  the  West  the  gi'owth 
of  vegetation  in  canals  is  the  cause  of  much  annoyance  and  expense  to 
the  irrigator.  This  is  particularly  tiiie  in  New  Mexico,  Arizona,  and 
California,  and  in  the  warmer  portions  of  Colorado  and  Utah.  In 
Montana,  Ti^yoming,  and  Idaho  the  tompeniture  of  the  irrigating 
waters  is  frequently  too  low  to  promote  the  growth  of  these  plants. 
The  disadvantages  due  to  this  cause  consist  in  the  loss  of  water,  in 
additional  trouble  in  subdividing  the  water  among  the  several  users, 
and  in  the  greater  risk  of  ])reaks.  Unfortunately  the  moss  grows 
Diost  rapidly  at  the  time  when  watea  is  most  needed  to  irrigate  crops, 
and  to  be  compelled  to  turn  out  the  water,  as  many  are  at  such  a  time, 
until  the  sun  destroys  the  vegetation  frequently  results  in  a  scarcity 
<rf  water. 

When  no  measures  are  taken  either  to  remove  or  destroy  this  vege- 
totion  the  channel  liecomes  more  or  less  choked,  and  the  cayttievt^^  v 
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be  reduced  in  extreme  cases  to  one-fifth  the  normal.  It  is  also  difficult 
under  such  conditions  to  divide  the  water  equitably,  for  the  reason 
that  the  water  level  on  rating  flumes  and  other  measuring  devices  often 
rises  as  the  (quantity  of  water  diminishes.  In  other  words,  the  cross 
section  of  the  water  in  the  canal  remains  undiminished,  or  it  may  he 
increased,  while  the  veloirity  is  materially  lessened.  The  fact  that  the 
water  in  the  canals  and  flumes  stands  at  a  high  mark  while  the  volume 
flowing  through  is  really  below  the  normal  is  the  cause  of  frequent 
breaks,  since  an  attempt  is  usually  made  to  crowd  them  beyond  their 
safe  capacity. 

Of  the  scores  of  varieties  of  plants  which  grow  in  the  water  of  c^mals 
it  would  be  impossible  to  state  with  any  degree  of  accuracy  the  natural 
conditions  best  adapted  to  the  growth  of  each.  Some  varieties,  for 
instance,  seeiil  to  flourish  in  the  coldest  spring  water,  while  othei*8 
require  a  warm  temperature.  This  doubtless  accounts,  in  part  at  least, 
for  the  wide  difference  of  opinion  of  superintendents  of  waterworks 
and  irrigation  canals  in  endeavoring  to  explain  the  presence  of  such 
vegetation  in  either  the  stoi'ag^  reservoir  or  the  main  canal.  Speak- 
ing generally,  one  may  say  that  the  conditions  most  favorable  to  the 
growth  of  fresh-water  plants  are:  (1)  Clear  water;  (2)  slow  velocity; 
(3)  a  surface  temperature  above  60^  F. ;  and  (4)  sunshine. 

The  writer  can  not  now  recall  a  single  case  in  which  so-called  moss 
was  found  growing  in  turbid  water.  In  1886  and  1887,  before  the 
West  Denver  reservoir  was  roofed,  immense  quantities  of  fresh-water 
algae  formed  in  the  clear  water  of  the  reservoir,  and  yet  none  was  ever 
found  in  the  canal  and  forebay  1(X)  feet  distant.  South  Platte  River 
supplied  both,  but  in  the  case  of  the  reservoir  the  water  was  filtered 
through  natural  underground  galleries. 

Regarding  the  second  general  rule,  nimierous  instances  might  be 
cited  to  show  that  moss  grows  more  luxuriantly  in  canals  of  low 
grade,  but  two  examples  will  suffice.  The  Liogan,  Hyde  Park  and 
Thatcher  canal,  diverting  water  fi*om  Logan  River  in  Cache  County, 
Utah,  has  a  capacity  of  about  50  second-feet.  Throughout  the  length 
of  the  main  canal  the  grade  is  quite  steep,  with  the  exception  of  a  dis- 
tance of  about  1,000  feet,  where  it  is  quite  flat.  Little,  If  any,  moss 
grows  on  the  steep  portion,  where  the  velocity  is  high;  but  on  the  flat 
portion  the  channel  is  in  midsummer  nearly  filled  with  vegetable 
growth.  The  Bear  River  canal,  in  Boxelder  County,  Utah,  branches, 
at  a  point  some  6  miles  below  the  dam.  into  what  is  known  as  the  West 
canal  and  the  Corinne  canal.  The  West  canal  has  a  uniform  grade 
of  1.056  feet  to  the  mile  for  about  12  miles,  and  a  bottom  width  at 
the  upper  end  of  30  feet,  which  is  reduced  to  18  feet  at  the  lower 
end.  The  Corinne  canal  has  a  grade  of  2. 112  feet  to  the  mile  through- 
out the  upper  portion,  and  a  bottom  width  of  22  feet  On  August  17, 
JSP7,  the  West  cann]  was  earryinji^  87  sot^ond-feet  of  water,  with  a 
weu/j   velocity  of  IAS  feet  per  second.    Ou  \.\i%\]^t  *iV\\!WT.  the 
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Corinne  canal  wan  carrying  110  Mecond-fi^et,  with  a  mean  velocity  of 
2.36  feet  per  second.  The  eflfect  of  this  difference  in  mean  velocity  is 
shown  in  the  growth  of  the  water  plants.  For  years  the  West  canal 
has  been  filled  with  vegetation  froui  July  15  to  September  1,  neces- 
sitating frequent  dredging,  at  considerable  expense,  while  in  the 
Corinne  canal,  which  has  a  steeper  gnide,  although  moss  grows  to 
some  extent,  it  has  never  demanded  any  special  attention. 

As  has  been  stated,  some  species  of  these  plants  exist  in  cold  water, 
but  by  far  the  greater  number  require  water  of  a  temperate  heat  in 
order  to  grow.  This  fact  may  readily  l>e  proved  by  noting  the  tem- 
perature of  the  surface  water  in  reservoirs  when  moss  first  begins  to 
appear.  The  conduit  which  supplies  the  distributive  resen^oir  at 
Ogden,  Utah,  taps  three  different  sources,  viz.  Cold  Creek,  Wheeler 
Creek,  and  Ogden  River.  On  July  80,  1897,  th(»  temperature  of  the 
water  in  Cold  Creek  was  61^  F.,  that  of  Wheolor  Creek  55*^  F.,  and 
that  of  Ogden  River  64^  F.,  while  the  water  at  the  surface  of  the 
reservoir  was  59^  F.,  with  green  algie  just  beginning  to  cover  portions 
of  the  water  slope.  On  that  day  nearly  all  of  the  water  in  the  reser- 
voir came  from  the  two  creeks,  and  showed  an  increase  in  temperature 
of  about  6°.  If  all  of  the  water  had  been  conveyed  from  Ogden  River 
instead,  with  a  corresponding  increase  in  tempemture,  the  water  in 
the  reservoir  would  have  been  70^,  and  with  water  at  so  high  a  tem- 
perature the  reservoir  would  soon  have  been  filled  with  aquatic  plants. 
Owing,  however,  to  the  mingling  of  cold  water  from  snow-fed  creeks 
with  the  warmer  river  water,  the  moss  has  never  accumulated  in  suffi- 
cient quantities  to  necessitate  removal  except  by  skimming  the  surface, 
nor  has  it  proved  a  nuisance,  although  it  is  now  eight  years  since  the 
reservoir  was  first  filled  and  used.  The  absence  of  moss  in  most  of 
the  canals  of  Montana  and  Wyoming  is  doubtkvss  due  to  the  fact  that 
the  temperature  of  the  water  passing  through  thi*  head  gates  remains 
low  throughout  the  short  irrigation  period.  In  the  evaporation  tank 
atBozeman,  Montana,  the  writer  noticed  last  summer  that  moss  Ix^gan 
to  grow  when  the  water  in  the  ttink  reached  a  tem])eniture  of  about 
65- F. 

Sunshine  also  is  a  prime  requisite  for  plant  growth.  Wat(»r  plants 
die  when  the  rays  of  the  sun  are  ex(!luded.  This  was  fairly  well 
demonstrated  in  the  summer  of  1888,  wh(»n  the  writer  was  building  a 
roof  over  Cemetery  Hill  reservoir,  at  Denver,  Colorado,  in  accordance 
with  plans  prepared  by  Mr.  Charh^s  P.  Allen,  chief  engineer  of  the 
Denver  Union  Water  ConqMiny.  During  hot  weather  in  the  month  of 
June,  when  a  space  44  feet  along  the  center  of  the  reservoir  remained 
uncovered,  moss  began  to  grow  in  14  feet  of  water  under  the  exposed 
surface.  When  the  roof  was  completed  and  the  sunlight  excluded  all 
organic  growth  ceased  to  exist,  and  none  has  appeared  since. 

In  locating  irrigation  (^nals  (consideration  should  he  giveu  tc>  the 
grade,  in  order  timt  the  velocity  may  l)e  suflBcient  to  ovftYeom^fe\)^e^\\\^vcv 
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ous  effects  of  nilt  and  vegetation.  To  at'complish  thi^,  the  mean  veloc- 
ity should  be  not  less  than  2i  feet  per  second.  When  the  mean  velocity 
is  less  than  3  feet  per  second  erosion  of  the  canal  bed  seldom  occurs, 
and  in  ordinary  materials  the  engineer  should  fix  the  grade  so  as  to 
produce  a  mean  velocity  of  about  21  feet  per  second.  When  the  phys- 
ical features  of  the  route  are  such  that  the  desired  velocitv  can  not  be 
obtained,  the  new  canal  should  be  built  in  a  way  to  facilitate  the  removal 
of  vegetable  growth,  by  preventing  any  obstruction  in  the  canal,  such, 
as  fences,  bridge  posts,  or  trestles,  and  by  removing  sagebrush  or 
willows  from  the  banks  in  order  to  permit  the  free  passage  of  teams. 
Regarding  canals  already  constructed  and  in  operation,  the  first  thing 
to  be  done  is  to  ascertain  the  easiest  method  of  removing  the  vegeta- 
tion. In  the  smaller  canals  and  ditches  irrigators  often  take  the  old- 
fashioned  scvthe  and  snath  and  mow  the  weeds  while  the  canal  is  full  of 
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Fio.  4.— Section  of  rail  used  for  V-shaped  drag  to  remove  moss  from  canal.    A  is  rail,  B  is  steel  plate. 

water.  In  other  sections  the  proprietors  prefer  to  turn  out  the  water 
for  a  week  or  ten  days  and  allow  the  sun  to  destroy  the  water  plants. 
The  latter  plan  is  not  to  be  recommended,  on  account  of  the  serious 
injury  done  to  the  crops  through  the  lack  of  water  at  a  time  when  it 
is  most  needed;  besides,  many  of  the  older  canals  have  not  a  uniform 
bottom  grade,  and  although  the  head  gates  may  be  closed  stagnant 
water  will  usually  be  found  in  the  channels  over  the  greater  part  Of 
the  line.  Harrows  and  disks  have  also  been  tried  with  some  measure 
of  success,  but  the  chief  objection  to  the  use  of  such  implements  is 
that  they  break  down  and  mix  the  weeds  with  the  clay  of  the  bed  and 
sides  instead  of  removing  them. 

At  the  time  the  writer  was  superintendent  of  the  Bear  River  canal 
system  his  assistants,  M.  Mortensen  and  J.  L.  Rhead,  designed  a 
y -shaped  drag  (tig.  4)  that  was  very  effective.    It  vift«>  lo\m^  by  bend- 
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inga  long  40-pound  railroad  rail  into  the  shape  of  an  inverted  V,  the 
base  being  extended  to  equal  the  bottom  width  of  the  canal.  To  the 
flanges  of  this  rail  there  was  riveted  a  plate  of  plow  steel  sharpened  to 
a  cutting  edge,  after  the  fashion  of  the  grain-cj^cle  section.  At  the 
apex  of  the  V  rail  a  chain  was  attached,  to  which  were  fastened  two 
rope  cables,  which  extended  to  either  bank  and  to  which  teams  were 
hitched.  This  contrivance  was  dragged  up  and  down  the  canal  until 
the  plants  were  all  cut  and  floated  down  the  channel  to  the  most  conven- 
ient place  of  removal.  In  canals  carrying  more  than  4  feet  of  water 
die  apex  of  the  drag  and  the  rope  cables  should  be  fastened  to  a  flat 
boat.  In  more  shallow  canals  the  apex  should  be  fastened  to  the  axle 
of  a  cart  or  wagon.   This  drag  was  used  throughout  the  summer  of  1898. 

FLOW   OF   WATER. 

During  the  summer  of  1897  the  writer  was  enabled,  with  the  help 
of  his  assistants,  T.  H.  Humphreys,  A.  P.  Stover,  and  W.  D.  Beers, 
to  make  a  number  of  experiments  on  the  carrying  capacities  of  irriga- 
tion ditches  and  canals.  The  funds  necessary  to  carry  on  these  inves- 
tigations were  provided  by  the  United  States  Geological  Survey  and 
the  agricultural  experiment  station  of  Utah.  Shortly  after  the  field 
work  was  completed,  the  writer  resigned  his  position  with  the  college 
to  accept  that  of  chief  engineer  and  superintendent  of  the  Ogden  water- 
works and  the  Bear  River  canal  system,  and  since  then  his  time  has 
been  so  fuUj'  oc<^upied  with  other  duties  that  until  now  he  has  not  had 
an  opportunity  to  put  into  shape  for  publication  the  data  collected  two 
and  a  half  years  ago. 

About  sixty  experiments  were  made  on  irrigation  channels  varying 
in  size  from  the  small  ditch  carrying  a  few  miners'  inches  of  water  to 
the  large  canal  carrying  225  second-feet.     Experiments  were  made  on 
nearly  every  form  of  ditch  common  to  Western  America,  including 
inany  of  the  crudely  formed  dit<*h(\^  of  the  Mormon  pioneers  made 
nearly  forty  years  ago,  as  well  as  the  more  modern  and  better  designed 
canals  of  the  Bear  River  canal  system.     The  o])ject  sought  was  to  ascer- 
tain as  accurately  as  possible  the  present  condition  of  ditches  and 
canals  that  had  been  in  operation  a  number  of  years.     In  order  to  deter- 
niine  the  volume  which  flowed  in  any  ])articular  ditch  and  compare  it 
^ith  some  well-known  empirical  formula,  such  as  Kutter's  or  Chezy's, 
^t  was  necessary  to  ascertain  the  slope  of  the  surface  of  the  water,  the 
sectional  area,  the  mean  velocitv,  and  the  i*atio  between  the  water  area 
^nd  the  wetted  perimeter.     This  additional  information  regarding  the 
form  which  channels  assume  after  thev  are  acted  on  bv  water  and  the 
atmosphere  is  valuable  in  that  it  gives  the  builder  of  a  new  canal  some 
idea  as  to  the  proper  form  to  adopt. 

In  the  discussions  which  follow,  the  hj'draulic  elements,  whether 
obtained  in  the  field  or  computed  from  data  taken  \tv  tVve  i\^VA.A\vsN^ 
beea  re/erred  to  two  well-known  fornuihi?,  Cbezv^»  wtvdTSAxX.VfcV'^. 
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The  cam- iiig  (-apacities  of  the  conduitw  and  irrigation  canals  of  the 
West  have  been  desij/ned  in  accordance  with  Kutter's  formula.  It  is 
therefore  proper  that  experiments  on  the  flow  of  water  in  canalsshould 
be  compared  with  that  formula. 

Kutter  did  not  live  long  enough  to  adapt  his  formula  to  American 
pitictice,  particularly  to  American  irrigation  practice.  His  values  of 
the  coefficient  of  roughness  (//)  were  confined  to  six  different  clanses  of 
channels,  as  follows: 

Class     I,  /<  =0.010  for  larefully  plane<l  b<^anls  or  Htnooth  cement, 

Cla8H    II,  7^=0.012  for  common  boardn. 

G\ai»  III,  « =0.013  for  a«hlar  masonry. 

Clastji  IV,  i/=0.017  for  nibble  manonry. 

Claa)     V,  /*. =0.025  for  channels  in  earth,  brooks,  an<l  rivers. 

Class  VI,  /*  =0.030  for  streams  with  (ietritus  and  aquatic  plants. 

It  will  ])c  noted  that  only  ont;  of  these  six  applies  to  irrigation  canals. 
Besides,  the  mode  of  building  and  the  character  of  the  materials  were 
diflferent  from  those  which  prevail  in  America,  and  these  diflferences 
would  no  doubt  exert  some  influence  on  the  results.  However,  the 
late  P.  J.  Flynn,  M.  Am.  Soc.  C.  E.,  of  Los  Angeles,  California,  took 
up  the  unfinished  work  of  the  noted  Swiss  engineer  and  adapted  the 
experiments  of  Granguillet  and  Kutter,  as  well  as  other  hydraulicians, 
to  American  practice.  Mr.  Flynn's  tables  on  the  flow  of  water  in  open 
and  closeii  channels  have  materially  lessened  the  labors  of  every  Amer- 
ican hydi^aulic  engineer,  and  his  values  for  the  coefficient  of  rouf^hness 
(n)  which  we  reproduce  have  been  considered  safe  guides  during  the 
last  ten  veai-s: 

Taftle  giving  the  mlue  of  coeffi/yient  nf  rnughncM  {n)  for  different  rfuinneln,^ 

n=.009,  well-planed  timl)er,  in  jx^rfect  onler  and  alignment;  otherwise,  perhaps,  .01 
would  Ije  suitable. 

n=.010,  plaster  in  pure  cement;  planed  timber;  glazed,  coated,  or  enamelled  stone- 
ware and  iron  pijies;  glazed  Hurfactes  of  every  sort  in  perfect  order. 

«=.011,  plaster  in  cement,  with  ontMhird  nand  in  good  condition;  also  for  iron, 
element,  and  terra-<*otta  piix's,  well  joined  and  in  best  order. 

w=.012,  unplaned  timber,  when  piTfc^ctly  continuous  on  the  inside;  flumes. 

n=.013,  ashlar  and  well -laid  brickwork;  ordinary  metal;  earthenwarf  and  stoneware 
pipe  in  go<Hl  condition,  but  n<jt  new;  cement  and  terra-cotta  pipe  not  well 
joined  nor  in  jKjrfect  order;  planter  and  planed  wood  in  imperfei^t  or  inferior 
condition;  and,  generally,  the  matiTials  menticmed  with  n=.01O,  when  in 
imperfect  or  inferior  condition. 

w=.015,  second-class  or  rough -factnl  bri<!kwork;  well-iiressed  stonework;  foul  an<l 
slightly  tul>en!ulate<l  iron;  cement  and  terra-cotta  piix^s,  with  imperfect  joints 
and  in  ImuI  (jrder;  and  canvas  lining  on  wootlen  framt^s. 

7/=r.017,  brickwork,  ashlar,  and  stoneware  in  an  inferior  condition;  tuberculated  iron 
pipes;  rubble  in  cement  or  plaster  in  goo<i  ortier;  fine  grave.,  well  rammed,  J 
to  il  inches  in  diameter;  and,  generally,  the  materials  mentioned  with  w=.018 
when  in  Ixad  order  and  condition. 


»  KJi»w  i)f  Water  in  Irrl)catioii  Canals,  vie.  l»y  P.  T.  Flynn,  C.E.,  pp.  Ift-titt. 
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1IS.020,  rubble  in  cement  in  an  inferior  condition;  coarw*  nibble,  nmgb-Ht»t  in  nor- 
mal condition;  coarse  rabble  set  dry;  mined  l)rickwnrk  and  tnasonry;  coarse 
gravel,  well  rammed,  from  1  to  IJ  incb  diameter;  canaln  with  be<lH  and  iMmkn 
of  very  firm,  regalar  (in«vel,  carefully  trimmed  antl  rammed  in  defective 
places;  rou^h  rubble,  with  bed  partially  covere<l  with  Hilt  and  nmd;  nvtanjfu- 
lar  wooden  troughs,  with  battens  on  the  inside  two  inches  a{)art;  trinime<l 
earth  in  perfect  order. 

'•=.0225,  canals  in  earth  above  the  average  in  order  and  regimen. 

ii=.0'25,  canals  and  rivers  in  earth  of  tolerably  unifonn  crons-section,  slope,  and  direc- 
tion, in  moderately  good  order  and  regimen,  and  free  from  stones  and  weeiln. 

(i=.0275,  canals  and  rivers  in  earth  below  the  average  in  order  and  regimen. 

i<=.030,  canals  ami  rivers  in  earth  in  rather  bad  onler  and  regimen,  having  stones  and 
weeds  occasionally,  and  obstructed  by  detritus. 

N=.  035,  suitable  for  rivers  and  canals  with  earthen  l)e<ls  in  \vu\  onler  and  regimen, 
and  having  stones  and  weeds  in  great  quantities. 

''=.05,  torrents  encumbered  with  detritus. 

One  of  the  objects  which  the  writer  had  in  view  in  making  his 
experiments  was  to  compare  the  results,  particularly  the  values  of  the 
coefficient  of  roughness  (n)^  with  those  given  by  Mr.  Flynn  for  canals 
in  similar  condition.  The  results  are  herein  given  (pages  27  to  45)  in 
eight  groups,  beginning  with  canals  which  were  in  excellent  condition 
and  ending  with  those  which  were  in  very  poor  condition. 

The  field  work  consisted  in  selecting  a  suitable  portion  of  the  canal 
to  be  investigated,  in  writing  a  brief  de-scription  of  the  prevailing  con- 
ditions, and  in  ascertaining  the  discharge  in  second-feet,  the  slope  of 
the  water  surface,  the  sectional  are^,  and  the  wetted  perimeter.  The 
office  work  consisted  in  computing,  from  the  data  taken  in  the  field, 
the  mean  velocity,  the  hydraulic  moan  radius,  the  coefficient  of  rough- 
ness (n)  as  given  in  KutterV  formula,  and  the  general  coeflicient  (c)  as 
given  in  Chezy's  formula  where  V—  Cx^RS, 

The  discharge  was  measured  either  by  a  current  meter  or  ])y  a  trape- 
zoidal weir.  The  trapezoidal  weir  designed  by  the  Italian  engineer, 
Cesare  Cippoletti,  was  preferred  to  the  Francis  rectangular  weir,  on 
lU'count  of  the  simplicity  of  calculation  as  well  as  the  probable  greater 
accuracy.  The  one  general  equation  used  in  all  weir  calculations  was 
(>=3.367  ZZTi,  where  Q  equalled  the  discharge  in  second-feet,  Z  the 
tiottom  length  of  the  weir  in  feet,  and  //  the  depth  of  the  water  in 
feet  over  the  crest  of  the  weir.  The  conditions  necessary  for  accurate 
measurement  were  curefuUy  observed,  such  as  a  low  velocity  of 
approach,  a  free  fall,  complete  contmction  on  the  })ottom  and  sides, 
and  a  close  measurement  of  the  head  of  wat(»r  over  the  weir. 

In  determining  the  discharge  by  means  of  the  current  meter  the 
results  were  not  so  accurate,  but  in  every  case  from  three  to  six  sepa- 
rate and  distinct  current-meter  measurements  were  made,  and  it  was 
thought  that  the  mean  of  all  of  these  measurements  would  not  vary 
much  from  the  actual  discharge.     At  the  close  of  the  field  work  the 
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current  meter  wiis  cjirefuUy  rerated  at  the  rating  station  in  Washing- 
ton, and  the  new  rating  table  was  used  in  the  calculation  of  the  veloci- 
ties of  flow  in  the  canals  tested. 

The  average  cross  section  was  obtained  by  plotting,  in  different 
colors  and  on  a  large  scale,  the  three  or  more  cross  sections  taken  in 
the  field.  A  new  perimeter  was  then  adopted  from  the  typical  cross 
section,  which  represented  the  average  of  the  cross  sections  plotted. 
Its  length  was  found  by  a  pair  of  dividers,  its  area  by  a  planinieter. 
The  depths  of  water  given  in  the  tables  are  taken  from  the  typical  cross 
section,  but  approach  very  nearly  to  an  average  of  all  of  those  taken 
in  the  field  at  any  one  point. 

The  slope  of  a  canal,  represented  by  the  fall  of  a  given  portion, 
usually  from  100  to  200  feet,  divided  by  the  distance,  was  determined 
by  a  new  Buff  and  Berger  18-inch  level  and  a  leveling  rod  reading  to 
thousandths  of  a  foot.  The  slope  of  a  water  surface  is  difficult  to 
ascertain  with  accuracy,  for  the  reason  that  in  nearly  all  channels  there 
are  pulsations  which  cause  the  surface  to  rise  and  fall.  Again,  in  irri- 
gation canals  long  in  use  the  bottom  grade,  owing  either  to  abrasion  or 
sedimentation,  is  seldom  uniform,  and  the  flow  of  water  in  any  com- 
paratively short  portion  is  more  or  less  influenced  by  the  velocity  in 
the  section  above;  e.  g.,  if  a  portion  100  feet  in  length  had  a  fall  of 
4  feet  to  the  mile,  and  another  portion  just  below  had  a  fall  of  3  feet 
to  the  mile,  the  influence  of  the  steeper  grade  of  the  higher  portion 
would  be  felt  on  the  lower  portion.  One  could  pailially  eliminate  the 
error  from  this  source  by  taking  a  long  distance  as  a  test,  but  this 
would  introduce  greater  errors  due  to  alignment  and  diversity  of  cross 
section.  The  method  followed  in  determining  the  slope  was  to  drive 
small  wire  finishing  nails  into  the  tops  of  submerged  oak  stakes  at 
each  end  of  the  section  to  be  tested.  It  was  not  always  possible  to 
have  the  top  of  the  nail  coincide  exactly  with  the  surface  of  the  water, 
but  this  introduced  no  error  in  the  results,  provided  the  heads  of  l)oth 
nails  occupied  the  same  relative  position  to  the  surface  of  the  water. 
In  the  case  of  pulsations  oi*  slight  waves  caused  by  winds,  the  tops  of 
both  nails  were  even  with  either  the  highest  or  the  lowest  water  sur- 
face. Under  ordinary  conditions  this  method  will  give  as  ac^curate 
results  as  those  obtained  by  hook  gages. 

Having  obtained  all  of  the  hydraulic  elements,  either  from  data 
taken  in  the  field  or  from  calculations  made  in  the  office,  the  coefficients 
c  in  the  Chezy  formula  and  n  in  the  Kutter  formula  were  then  com- 
puted and  checked. 

ThefoUdwing  are  the  results  of  42  of  60  experiments  made,  arranged,, 
as  already  stated,  in  eight  groups,  beginning  with  canals  which  weres 
in  exoellent  condition  and  ending  with  those  which  were  in  very  poor 
isondition. 
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(Tiiorp  No.  I. 

[n  equaln  iWl'M  to  (M)1K4.] 

Eeperhnent  Xo,  21. — This  experiment  was  made  on  the  main  line  of 
the  Bear  River  canal,  about  7  miles  below  the  dam  and  about  20<)  feet 
alx)vo  the  division  gates.  Water  was  first  turned  into  this  portion  of 
(he  system  by  the  writer  in  the  spring  of  1891,  and  during  the  six 
y»^r.s  of  operation  the  action  of  the  water  had  changed  the  section  from 
ii  trapezoidal  form  having  a  bottom  width  of  about  15  feet  and  side 
slopes  of  1  to  1  to  that  of  the  segment  of  an  ellipse,  as  shown  in  fig.  5. 
The  fonuation  is  clayey  loam  and  the  channel  when  measured  was  cov- 
ered with  a  coating  of  sediment  but  was  entirely  free  from  vegetation, 
gravel,  or  pebbles,  and  was  of  regular  cross  section  and  in  excellent 
condition.  Three  current-meter  measurements  were  made,  with  the 
following  results : 

Secoiid-feet. 

First  ineasarement ^ 226. 56 

Second  measurement 224. 94 

Third  measurement 225. 14 

Average 225. 55 

The  results  of  this  experiment  are  given  in  the  table  on  page  30. 

Ktper/mefit  No,  12. — This  experiment  was  made  on  the  Bear  River 
t'ity  canal,  900  feet  below  the  head  gates.  This  canal  is  a  branch  of 
^e  Bear  River  canal  system,  and  the  conditions  regarding  materials, 
length  of  time  in  operation,  and  coating  of  fine  sediment  were  similar 
^  those  of  experiment  No.  21.  When  first  made,  this  channel  wjis 
trapezoidal,  with  1  to  1  slopes,  but  it  has  since  changed  to  the  form 
outlined  in  fig  5.  Current-meter  measurements  were  made  at  the  top, 
middle,  and  bottom  of  the  portion  tested,  with  the  following  results: 

S(»r()n(l«foet. 

Top  measurement 10. 54 

Middle  measurement 10. 91 

Bottom  measurement 10. 58 

Average 10. 68 

Por  the  results  of  this  test  see  the  table  on  page  30. 

Experiment  No.  JS.  —This  test  was  made  on  a  lateral  of  the  Bear 
River  canal  in  that  jmrt  of  the  valley  known  as  Roweville,  IJtiih. 
'  bis  lateral  was  in  good  condition  and  was  lined  with  clayev  sediment 
'^'Uiiljir  to  that  referred  to  in  the  previous  desca'iptions.  The  discharge 
^vus  obtained  by  means  of  a  trapezoidal  weir,  the  bottom  length  of 
^'hieh  was  3.15  feet.  The  depth  of  water  on  the  crest  was  0.822  foot. 
*  ne  cross  section  is  shown  in  tig.  5.  For  the  results  of  the  test  see 
^*»<^  tal)le  on  page  30. 

J^peHment  No.  16. — The  place  selected  for  this  experiment  was  on 
^^e  Corinne  branch  of  the  Bear  River  canal,  alx)ut  4  mile^s  below  the 
^^^iaion  gates.    Tbi^j  camil  hiid  been  operated  six  yearn,,  awdi  ^^qsn^!^ 


\ 
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iU  section  wheii  new  wa«  horizontal  on  the  bottom,  with  side  slopes  in 
excavation  of  1  to  1 ,  its  foim  at  the  time  of  the  test  approached  the 
BEAR  RIVER  CANAL 

-  22.9  fMt  - 


BEAR  RIVER  CITY  CANAL 


Siierlmal  St.li 

. 

^<tjL 

\     i 

\  i  i 

i   iLJ" 

BEAR  RIVER  CANAL  LATERAL 

trwKni  So.  38-                    at  boweville 
a,6  f,ai-- 


BEAR  RIVER  CANAL,  CORINNE  BRANCH 

•^^mmt  No.n.  AT  LOWER  MALADE   0It088INQ 


Pia.  fi.— Bectlom  ot  muUexperlmenled  upoD. 

Sf^ment  of  an  elVipm,  as  may  be  seeo  by  a  reference  to  fig  6.     When 
fe  test  was  made  the  auial  was  enlire\5  ircc  li:oTON«.%^a!aoTi,Mv' 
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there  was  nothing  to  obstruct  the  flow  exrx^pt  the  friction  on  the 
anooth  perimeter,  which  was  coated  with  tine  silt.  Meter  iiieasurc- 
ments  were  made  at  the  top,  middle,  and  bottom  of  the  portion  chosen, 
which  was  100  feet  in  length,  with  the  following  results: 

Top  measurement KM).  OJ) 

Middle  meBsurement W.l  52 

Bottom  measurement 1 10. 07 

Average 109. 56 

For  the  results  of  the  test  see  the  table  on  page  30. 

Etperiment  No.  ^2. — This  test  was  made  on  the  Corinne  branch, 
some  6  miles  below  the  place  where  the  last  test  was  made,  at  a  point 
about  1,300  feet  below  the  Lower  Malade  crossing.  (Fig.  5. )  The  date 
of  the  experiment  was  September  9,  1897,  which  accounts  for  the  small 
volume  in  the  canal,  the  irrigation  season  in  that  section  being  nearly 
past.  This  canal  is  similar  to  those  previously  described,  and  was  in 
excellent  condition  at  the  time  of  the  experiment.  The  formation  was 
a  clayey  loam,  and  the  action  of  the  water  for  six  summers  had  left  the 
channel  quite  smooth  and  well  coated  with  silt.  The  discharge  was 
obtained  by  meter  measurement  in  the  usual  manner.  The  results  of 
the  test  are  given  in  the  table  on  page  30. 

EiypervmerU  No,  2. — ^This  test  was  made  on  a  60-foot  length  of 
Affleck's  mill  race,  near  Logan,  Utah.  The  general  form  of  the  cross 
section  is  shown  in  fig.  5.  The  channel  was  composed  of  gravel  rang- 
ing in  size  from  small  particles  to  one-half  inch  in  diameter,  with  an 
occasional  pebble  2  inches  in  diameter.  The  sides  were  in  fair  condi- 
tion, with  some  weeds  near  the  edges  which  did  not,  however,  interfere 
to  any  appreciable  extent  with  the  flow  of  water.  The  discharge  was 
obtained  from  the  mean  of  the  following  current-meter  measurements: 

Set^oiul-feet. 
I'pper  iiieamiivment 15. 152 

Do 15.  360 

Middle  measurement 15. 574 

I)o 15.  870 

Ijower  measurement 15.  288 

Do 14.  8:^6 

Average 15. 346 

The  results  of  the  test  ai'e  given  in  the  table  on  page  3i). 

Experiment  No,  J. — On  June  28,  1897,  a  site  for  an  experiment  was 
selected  on  the  Logan,  Hyde  Park  and  Smithfield  canal  (fig.  5),  near 
the  mouth  of  Logan  Canyon,  Cache  County,  Utah.  Water  was  first 
turned  into  this  canal  in  1882,  and  at  the  time  of  the  experiment  it 
had  been  operated  fifteen  years.  The  bottom  and  sides  were  smooth 
and  composed  of  earth  and  gmvel.  The  particles  of  gravel  varied 
hslze  from  otw-half  inch  to  I  inch  in  diamet^w  yjWVv  scvvcv^  ^^ric5V?v«^^ 
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f  rcMu  J  iiK*ii  to  i  iDcb«t<i  in  dbumete.r.  Tliere  w«ti  no  Tegetadon  save 
a  id]|Bffat  gTc»wth  of  ^ratfK  on  one  tdde.  The  f oUowing  carrent-metex 
mea^^rementfei  were  made: 

8eonDd-ieet. 
l'j»per  meaiiaranMnil 46.40 

IK. 45.90 

Middk*  iDeMnxreDient 46.00 

Tk* 46.03 

l>>wf  r  DMafHxremcnt 45. 31 

IV. 45.75 

A  v«»|pe 45. 90 

Till*  ret4ulti<  of  the  test  are  jfive^n  in  the  following  table: 

Table  thofvittg  vaJtwjt  of  hydroMlir  Hmu^ajf  iu  gnrttp  Sit.  1. 


1 

Experi 

mcut. 

No.  21 . . 

I 

ctuurfv. 

Area  of 
water 

62.30 

Mtmn 
vekirlty. 

FKt  per 
3.62 

H3r<lnialic 
m€«ii 

W<'tled 
peri- 

Lineal 
25.00 

dktntof 

SU»pe. 

C<wffi- 

225.55 

2.49 

0.0134 

FMper/oaL 
0.00031 

130.24 

No.  12. . 

10.68  ' 

10.24 

1.04 

0.86 

11.85 

,  0. 0135 

0,00012 

102.16 

No.  3K.. 

7.90 

3.40 

2.33 

1       0.51 

6,70 

0.0137 

0.00188 

95.27 

No.  15.. 

109.56 

46.44 

2.36 

1.86 

24.98 

0.0155 

0.00027 

105.78 

No.  22. . 

64.02 

31.66 

2.02 

1.60 

19.78 

0.0164 

0.000273 

96.75 

No.    2.. 

15.35 

10.69 

1.44 

1.00 

10.70 

0.0177 

0.00032 

80.79 

No.    3.. 

1 

45.90 

17.80 

2.58 

'       1.20 

14.80 

0.0184 

0.00083 

81.50    ' 

*  In  Chezy's  formaln. 

GROif  No.  2 

[n  eqoalR  0.0194  to  O.OUa.] 

Ki'jhrhiH'ut  No,  13. — ^Thifi  test  wa.s  made  on  a  smalllateral  from  the 
CoririiMe  branch  of  the  B<mr  River  canal.  The  section,  an  outline  of 
wbirb  JM  nbown  in  fij/.  6,  is  very  good,  and  the  channel  excavated  in 
elayity  loam  wa**  well  lined  with  fine  sediment,  but  there  were  numerous 
footprints  of  Htoi'k  throughout  the  jx>rtion  tested  which  were  expected 
to  re4m«  the  c^M^fKcient  of  roughness  below  that  (0.0194)  given  in  the 
table  on  jmge  8H.  There  were  no  weeds  or  aquatic  vegetation  to  check 
the  flow.     The  cmrront-meter  measurements  were  as  follows: 

Second-fit't. 

Top  iiittMurBinDnt 2.  75 

MIddlii  iiittMurHnient 2. 45 

i)otti)m  niefuuraniant ^.40 

A  veraflfe 2. 53 


The  neMultH  of  tho  t^^nt  are  giviMi  in  the  tiilile  on  pjige  33. 
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&perivufnt  No,  16. — ^The  Millville  and  Providence  t^nal  (tig.  (>)  is 
the  highest  one  diverting  water  from  BlackHmith  Fork,  in  Cache 
County,  Utah.  It  wan  completed  in  18()4,  so  that  at  the  time  of  th(5 
experiment  water  had  been  flowing  through  it  thirty-three  years. 
Thi^  canal  was  built  in  compact  clay  dotted  with  small  r(x*k  fragments 
a  half  inch  across.  One  side  of  the  channel  was  perfectly  smooth, 
while  the  other  side  had  a  few  willow  roots  projecting  into  the  water. 
With  this  exception,  and  the  presence  of  a  few  small  cob})los  in  the 
bed,  the  cx>nditions  were  all  favorabh*.  The  results  of  thive  nu»tor 
measurements  in  a  60-foot  length  were  as  follows: 

8tK^)IHl-f«M'l. 

Top  measurement 22.  (Hi 

Middle  measurement 22.  27 

Bottom  measurement 22. 5 1 

Average 22.  28 

The  results  of  the  test  are  given  in  the  table  on  page  :^3. 

Ejfperinhent  No,  17, — On  August  28,  18J*7,  an  (»x}x»riment  was  made 
on  the  Logan  and  Hyde  Park  cunaK  which  flows  through  Logan,  Utah. 
An  even  stretch  of  75  feet  within  the  citv  limits  was  chosen,  and  the 
following  current-meter  measurements  were  made: 

Scfoii(l-i\'t'l. 

Top  nieamirement 2.S.  95 

Middle  mea8urement 23. 67 

Bottom  measurement 23. 04 

Average 28. 55 

This  canal,  as  tig.  6  shows,  was  more  than  14  feet  wide  on  toj)  and 
only  about  2  feet  deep,  with  a  mean  velocity  of  1.08  feet  per  secjond. 
The  l>ed  was  of  clay  covered  with  a  thin  layer  of  tine  sand,  and  about 
one-sixth  of  the  perimeter  was  covered  with  a  low,  croc^ping  water 
plant.     The  results  of  the  test  are  given  in  table  on  page  33. 

Eirp/'rijneJit  No.  20, — This  test  was  on  Solveson  &  Company's  cunal, 
in  Cache  county,  Utah,  a  secrtion  of  which  is  shown  in  tig.  6.  The  dis- 
charge was  obtained  by  a  trapezoidal  weir.  The*  chaimc^l  was  com|X)sed 
of  small  pebbles  enabedded  in  sand.  Solveson  and  his  neigh  bo  i*s  own 
the  ditch,  which  diverts  water  from  Hlacksmith  Fork  and  serves  the 
low  land  in  the  river  bottom.  The  r(\sults  of  the  test  are  given  in  the 
table  on  page  33. 

Etperinietit  Nt,  1^, — This  test  was  made  on  a  lateral  of  Logan  City 
canal  (fig.  6).  There  was  no  atjuatic  vegetation.  The  bottom  and 
j^ides  were  smooth  and  were  composed  of  gravel  about  the  size  of  peas 
embedded  in  finer  material.  The  discharge  was  found  by  weir  meas- 
urement.    For  results  see  the  table  on  page  33. 

E^rperiment  N<k  G, — This  test  was  made  on  the  Ijogan  and  Richmond 
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canal  (see  fig.  6),  built  in  1864-1867,  and  the  largest  ditch  divertin 
water  from  Logan  River.     The  bottom  and  sides,  which  were  snioot 
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Fig.  6.— SecUons  of  caneln  experimented  upon. 

and  free  from  re;§^tation,  wero  c<)niiK>sed  of  n  clayey  loam.     With  th 
""ptioa  of  some  indentations  on  the  skWs  lunw  XW  \o^  X^i^  v?!wa».Vv«>8 
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m  good  condition.     Meter  measurements  were  made  at  three  ]X)ints  in 
the  100-foot  section,  with  the  following  results: 

Second-fect. 

Top  measurement 68. 59 

Do 68.76 

Middle  measurement 68. 80 

Do 68.76 

Bottom  measurement 67. 90 

Do 68.58 


Average 68.56 

For  results  see  table  on  this  page. 

Experiment  No.  4. — This  test  was  made  on  a  60-foot  «oc'tion  of  the 
Logan,  Hyde  Park  and  Smithticid  canal  near  its  point  of  diversion  in 
Logan  Canyon  (fig.  6).  The  channel  wjis  composed  of  well-packed, 
coarse  gravel  and  small  cobbles,  the  common  sizes  Wing  1  inch,  2  inches, 
and  3  inches  in  diameter,  in  about  eciual  proportion.  There  were  sonic 
weeds  on  one  edge,  but  it  is  doubtful  whether  they  retarded  the  flow. 
This  «^nal  had  b^n  operated  since  1882.  The  following  arc  the*  results 
of  the  current-meter  measurements: 

Swoiul-ft'et. 

Top  measurement 51 .  0t> 

Do 51.01 

Middle  measurement 51. 52 

Do 51.07 

Bottom  measurement 51 .  92 

Do 51.57 


Average 51. 36 

The  results  of  the  test  are  given  in  the  following  table: 

Table  ahowing  values  of  hydraulic  ej^nnent^  in  t/roup  Xo.  2. 


ment. 

Dis- 
charge. 

Area  of 

water 

section. 

Sq.feet. 
2.23 

Moan 
velocity. 

Hydraulic 
mean 
radiuH. 

0.50 

WettCHl 

IK^ri- 
mt'ter. 

Coefli- 
clent  of 

rouKh 
nes*  («). 

0.  0194 

SIOIM-. 

Fo't  itf.  r 
fool 

0.  000^)8 

c^H'iri- 

cicnl  (r).* 
61.55 

No.  13.. 

See.-feet. 
2.53 

Feet  per 
second. 

1.14 

Lhutil 
fret. 
4.  46 

No.  16.. 

22.28 

11.50 

1.94 

1.07 

10.80 

0.0195 

0.00062 

74.63 

No.  17 . . 

23.56 

21.78 

1.08 

1.40 

15.  60 

0.0197 

0.00015 

75.  72 

No.  20.. 

4.03 

4.00 

1.01 

0.  52 

7.73 

0.0201 

0.  000.56 

59.  22 

No.  48 . . 

0.66 

1.03 

0.54 

0.14 

7.19 

0. 0204 

o.ooi;i5 

39.  2t) 

No.  6.. 

68.56 

32.02 

2.14 

1.74 

17.80 

0.  0211 

0.00046 

75.63 

No.  4.. 

61.36 

20.61 

2.49 

1.52       13.56 

1 

hezy'§  formula. 

0.  0213 

0.00077 

73.  a5 

♦  InC 

Gr 

oup  No. 

3. 

[n  eqnalH  0.0218  to  0.0288.] 

EaapenmerU  No.  11. — This  experiment  was  made  on  the  Point  Look- 
out csixai  ^4^.  7)  when  the  volume  carried  (87.29  8ecoiid-l^fc^N^>^^\s\'^ 
iRB  4S 3 
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compared  with  the  maximum  capacity,  which  is  nearly  600  second- 
feet.  The  surface  width  was  nearly  36  feet;  the  depth  of  water  at 
the  deepest  place  about  2i  feet.  The  section  chosen  was  entirely  free 
from  aquatic  plants,  but  more  or  less  vegetation  was  to  be  found  both 
above  and  below  this  site.  The  channel  was  smooth  and  composed  of 
a  clayey  loam  lined  with  sediment.  The  current-meter  measurements 
were  as  follows: 

Seoond-fcet. 

Top  measurement 87. 64 

Middle  meaaurement 87. 82 

Bottom  measurement 86. 40 

Average 87. 29 

For  results  of  test  see  table  on  page  37. 

Experiment  No.  29. — ^The  Providence  Town  canal  (fig.  7)  was  onl 
part  full  when  measured  by  weir  on  September  16,  1897.  The  lengt 
of  the  weir  was  2  feet,  the  depth  of  water  0.376  foot.  The  bed  wa. 
composed  of  well-packed  and  smooth  gravel  about  the  size  of  Spanis 
nuts,  embedded  in  sand  and  sediment.  There  was  no  vegetatio»- 
The  ditch  had  been  in  use  about  thirty  years.  The  results  of  test  ar 
given  in  the  table  on  page  37. 

Eooperiment  No.  19. — ^The  Lewiston  canal  (fig.  7),  begun  in  1860  an 
completed  in  1880,  diverts  water  from  Cub  River  and  serves  the  bene 
lands  near  Franklin,  Idaho,  and  Lewiston,  Utah.  It  is  capable  of  co 
veying  about  125  second- feet  when  running  full,  but  at  the  time  of  th 
experiment  it  contained  only  32.72  second-feet.  The  channel  consiste 
of  smooth,  light-colored  clay,  but  about  one-fifth  of  the  perimeter  w 
covered  with  a  growth  of  fibrous  moss,  locally  termed  "frog  moss. 
The  meter  measurements  were  as  follows: 

Second-feet. 
Top  measurement 33. 22 

Do 32.92 

Middle  measurement 32. 94 

Do 32.54 

Bottom  measurement 32. 33 

Do : 32.39 

Average 32.  72 

For  results  see  table  on  page  37. 

Experhnent  No.  31. — This  experiment  was  made  on  the  Provide nc 
Upper  canal  (fig.  7),  near  the  town  of  Providence,  Utah.     The  con 
ditions  were  similar  to  those  of  No.  29.     The  flow  was  measured  ove 
a  weir  2  feet  in  length  and  having  0.494  foot  of  water  flowing  over  th(^ 
crest.     The  results  of  test  are  given  in  the  table  on  page  37. 

Experiment  No.  H. — This  test  was  made  on  a  lateral  of  the  Bear^ 
Miver  canal  near  Central  farm  (fig.  7).     The  formation  was  a  clayey^ 
loam;  the  water  channel  was  coated  witVi  avid\TXi^Ti\,,«A\dL«3iato  Q»tv\aA\^»jL 
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ilches  of  what  is  locally  termed  ^^horsotail  mo8s-' — an  aquatic*  plant 
iiich  grows  to  a  length  of  5  or  moi*e  feet     The  pre.si'nc'o  of  this 

POINT  LOOKOUT  CANAL 


^ExperimetU  NoJl. 


t%»tM   •J»4»»M    •.»r9*.9*» 
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n-S-4JJ!  g  5i  ?i  ji  ?!  gj  »i  >;  8!  S   8!  <i  8!  r!  ^I  ?!  ::!  ^  z\  s!  = 
•  rf  ^    S    I  '    I    1  "^i      "^  •!  •   •■•  ••  -I  ".  •!  •!  Ml  •.  m,  «;  « 
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Fio.  7. — SectionH  of  canaU  experimented  upon. 

plant,  toother  with  aomewha,t  uneven  edgca,  douVAYea^  tviXax^vi^  vXwi. 
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The  dijBcharge  was  obtained  from  the  average  of  three  meter  mcasui 
ments,  which  were  as  follows: 

Second-feet. 

Top  measurement 4. 69 

Middle  measurement 4. 67 

Bottom  measurement 4. 54 

Average 4. 63 

For  results  see  table  on  page  37. 

Experiment  No.  39, — In  this  instance  a  portion,  80  feet  in  length, 
the  Central  farm  lateral  No.  2  (fig.  7)  in  the  vicinity  of  the  secti 
tested  in  experiment  No.  14  was  used.  The  conditions  were  similar 
No.  14,  except  that  there  was  no  moss  in  the  bed;  a  few  bunches 
grass  were,  however,  scattered  along  the  edges.  Clay  and  sedime 
formed  the  bottom.  The  discharge  was  measured  over  a  weir.  T 
results  of  the  test  are  given  in  the  table  on  page  37. 

Experiineixt  No,  9. — ^The  Walker  Tract  caftial  (fig.  7),  a  continuation 
the  Point  Lookout  canal,  was  built  in  1892,  to  carry  a  much  larger  v< 
ume  of  water  than  indicated  in  this  experiment.  The  true  grade  w 
between  3  and  4  feet  to  the  mile,  but  at  the  time  of  the  experiment  t 
irrigators  had  mserted  dams  in  the  channel  at  diflPerent  points,  to  rai 
the  water  surface.  This  partly  accounts  for  the  low  grade  of  0.63  fc 
to  the  mile,  although  this  figure  may  be  too  low,  owing  to  the  acti« 
of  waves  on  the  canal  at  the  time  the  elevations  were  taken.  T 
channel  consisted  of  clayey  loam,  and  it  was  free  from  vegetatic 
The  meter  measurements  were  as  follows: 

Second-feet. 

Top  measurement 38.  70 

Middle  measurement 38.  72 

Bottom  measurement 38. 23 

Average 38.  55 

The  results  of  the  test  are  given  in  the  table  on  page  37. 

Eactperiinent  No,  1, — ^This  test  was  made  on  the  Providence  canal  (fi 
7),  which  diverts  water  from  Logan  River.  The  bed  was  composed 
gravel  about  the  size  of  peas,  with  other  particles  about  the  size 
small  walnuts  scattered  about.  There  was  no  vegetation,  and  the  d 
charge  was  found  by  taking  the  average  of  the  following  meter  met 
urements: 

Second-feet. 

Top  measurement 10. 21 

Do 9.95 

Middle  measurement 9. 86 

Do 10.20 

Bottom  measurement 9.  75 

Do 9.93 

Average 9. 98 
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The  resalts  of  the  test  are  given  in  the  following  table: 

Table  ahottmig  vahi^^  of  hydra  ulif.  elements  in  grotip  No.  .'?. 


Experi- 
ment. 

1 

1       Dis- 
ohaige. 

Area  of 

water 

■ection. 

Mean 
velocity. 

Hydraulic 

mean 

radius. 

'   Wetted 
peri- 
meter. 

Coeffi- 
cient of 
rough- 

ne«(n). 

Slope. 

Coeffi- 
cient! c).* 

Feetper 

Uneal 

Fnet  per 
fori. 

006.  yCS. 

Sq./eet. 
58.94 

second. 

feet. 
36.73 

No.  11 . . 

87.29 

1.48 

1.60 

0. 0218 

0. 00027 

71.19 

No.  29.. 

1.55 

2.55 

0.61 

0.40 

6.34 

0.0223 

0.00(MO 

48.00 

No.  19. . 

32.72 

27.53 

1.19 

1.52 

18.08 

0.0224 

0.00020 

68.07 

No.  31.. 

2.34 

3.29 

0.71 

0.48 

6.80 

0.0229 

0.00043 

49.34 

No.  14.. 

4.63 

3.89 

1.19 

0.65 

6.00 

0.0230 

0. 00075 

54.03 

No.  39. . 

7.90 

5.74 

1.38 

0.71 

8.12 

0.0230 

0. 000875 

55.38 

No.    9.. 

38.55 

38.32 

1.01 

1.83 

20.90 

0. 0232 

0.00012 

67.83 

No.    1.. 

9.98 

5.26 

1.90 

0.71 

7.40 

0.0238 

0.00175 

53.  85 

♦In  Chezy'8  formula. 

Groitp  No.  4. 
[n  equalK  0.0238  to  0.0260.] 

Experiment  No.  5. — ^This  test  was  of  a  50-foot  length  of  the  College 
and  City  canal  (fig.  8),  a  branch  of  the  I-K)gan,  Hyde  Park  and  Smith- 
field  canal.  The  bed  was  of  coarse  gravel,  ranging  in  size  from  parti- 
cles one-half  inch  to  2  inches  in  diameter,  more  or  less,  embedded  in 
finer  materials.  The  edges  were  somewhat  irregular,  with  some  willow 
roots,  but  there  was  no  vegetation  in  the  channel.  The  meter  measure- 
ments were  as  follows: 

Second-feet. 

First  trial 7.  7,S 

Second  trial 7. 54 

Third  trial 7.  48 

Fourth  trial 7. 63 


Average 7.  fiO 

The  results  are  given  in  the  table  on  page  31^. 

Experiment  No,  27, — This  test  was  of  a  100-foot  length  of  the  Logan, 
Hyde  Park  and  Thakiher  canal  (fig.  8),  near  Logan,  Utah.  The  sides 
of  the  channel  were  smooth  and  coated  with  .sediment.  Tlie  bottom 
consisted  of  earth,  gravel,  and  pebbles,  some  of  the  latter  being  2^ 
inches  in  diameter.  The  coarser  material  coven^d  about  one-fourth 
of  the  perimeter.     For  results  see  tjible  on  page  81». 

Experhnefit  No.  18. — This  experiment  was  also  made  on  the  College 
and  Cit}'  canal  (tig.  8).  There  was  no  vegetation  to  check  the  velocity, 
but  the  sides  were  uneven,  and  the  bed  was  covered  with  fragments 
of  disintegrated  flat  rock,  ranging  in  size  from  one-half  in(»h  to  2 
inches  across  the  greatest  dimension.  The  meter  measurements  were 
as  follows: 

Sccond-fect. 

Top  measurement 5. 69 

Middle  measurement 5. 67 

Bottom  measurement 5. 61 


Average 

33te  reeulte  are  given  in  the  table  on  page  39. 


5.^ 
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Experiment  No,  63. — ^The  discharge  of  the  small  ditch  known  as 
Hvrum  canal  (fig.  8),  on  which  this  experiment  was  made,  was  ni 

COLLEGE  AND  CITY  CANAL 

.SxperimerU  No.  5, 


\^xpmmeni 

1  OulM  0.8 


LOQAN.  HYDE  PARK  AND  THATCHER  CANAL 

No.  27. 

1 7. 6  fMi- 


COLLEQE  AND  CITY  CANAL 

\  Experiment  No.  18. 
e._£ 4.4- fMt 

0.M  1.0  M •** 


I 

I 

I 

I 
I 
I 
I 

-JL 


HYRUM  CANAL 

Experiment  No.  68. 

|^__.€ s 5.0  feet- 

.•     0.2B  UO 2^0 S.0 


BEAR  RIVER  CANAL  LATERAL  ON  CENTRAL  FARM 

Experiment  No.  42, 


BEAR  RIVER  CANAL  LATERAL  ON  CENTRAL  FARM 

Experiment  No.  37. 

V0.26 


THATCHER  CANAL  LATERAL 

^s?r!^JyJJ: 2.4f-t 


-- Ji 


9^ 


Fio.  8.— Sections  of  canals  experimented  upon. 

over  a  weir.     The  sides  of  the  channel  were  of  earth,  but  ab 
"*  "  '  perimeter  along  the  bottom  was  covex^^  V\\XiToe!^\: 
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muts  from  i  inch  to  1  inch  across.     Weeds  and  alfalfa  grew  up  to  the 
edge  of  the  water.     The  results  are  given  in  the  following  table: 

TaUe  showing  valuei  of  hydrauiic  elemenLt  in  group  A'o.  ^ 


Eiperi- 
mtrni. 


L 


No.  5 
No.  27 
No.  18 
No.  63 


7.60 

60.23 

5.66 

1.57 


Are*  of 

water 

■ection. 


Sq.feeU 

2.59 

30.60 

3.51 

1.87 


kean 
velocity. 


FM  per 
attxmd. 

2.93 

1.97 

1.61 

0.84 


I 
Hydraulic 
mean 
radiiu. 


0.55 
1.62 
0.65 
0.35 


Wetted 
perim- 
eter. 


lAnml 

fed. 

4.  73 

18.  JK) 

5.44 

5.28 


I 


Coefll- 

elent  of 

rouirh- 

neat  (fit. 


0.0238 
0.0246 
0. 0247 
0.0260 


Slop*'. 

roorti- 

'  clent  rr».» 

I 
1 

FtTft  i^rr 
/out. 

0.0061(i 

1 
50.  43 

0.0006 

6:^.16 

0. 0016 

50.  18 

0.0013 

38.92 

1 

*  In  Chezy's  formula. 
Group  No.  5. 


[n  equalB  U.02»3  to  0.0319.] 

Experi/ment  No.  4S. — ^This  experiment  was  made  on  a  Central  farm 

'ateral  of  the  Bear  River  canal  (tig.  8).     The  discharge  was  measured 

^ver  a  weir.     The  bed  was  composed  of  clay,  but  the  cross  section  wiis 

^ot  uniform,  and  there  Were  a  few  bunches  of  grass  scattered  along 

the  edges. 

Experiment  No.  S7. — ^This  experiment  also  was  made  on  one  of  the 
Central  farm  laterals  (fig.  8),  and  nearly  the  same  conditions  were 
found  as  existed  in  the  preceding  experiment. 

Experiinerd  No.  51. — This  experiment  was  on  a  small  lateral  of  the 
Thatcher  canal  (fig.  8).     There  was  a  narrow  board  on  each  edge,  as 
shown  in  the  figure.    The  lx)ttom  was  coarse  gravel  and  cobblers,  nmg- 
ing  in  size  from  large  peas  to  goose  eggs.     The  discharge  was  deter- 
mined b}'^  weir  measurement. 

Experiment  No.  6^. — This  exi^oriment  was  on  the  Hyrum  canal 
(fig.  9),  which  at  the  time  of  the  tost  carried  only  a  large  irrigation 
stream.  The  flow  was  measured  over  a  weir.  The  sides  were  consider- 
ably overgrown  with  alfalfa  and  weeds,  and  the  bed  consisted  of  co])bles 
from  the  size  of  hazelnuts  to  that  of  walnuts. 

TaJbU  showing  values  of  hydraulic  (iiinenin  in  (/roup  Xo.  A. 


Experi- 

Dl8- 

Area  of 

ment. 

chargc. 

Hectlon. 

Sec.-feet. 

Sq.fect. 

No.  42. . 

8.08 

4.79 

No.  37.. 

7.83 

12.79 

No.  51 . . 

1.08 

1.44 

No.  64.. 

2.47 

2.82 

Mean 
velocity. 


Frrt  per 

1.69 
0.61 
0.75 
0.88 


Hydmullc 

mean 

radlnH, 


0.56 
1.08 
0.44 
0.49 


Wi'lted 

poriin- 

eter. 


Linral 

Sat. 
8.56 

11.80 
3.25 
5.79 


Coefll- 

cicnt  of 

rouRh- 

IH'KS  (/I). 


0. 02^)3 
0. 02^)5 
0. 0310 
0. 0319 


Sl«»l»i' 


Coem- 
(•loT»t(r),» 


hyn  per 
Sow. 
0. 0033 
0.00017 
0. 00113 
0.0014 


39.  24 
45.08 

:w.  51 

33.  55 


\ 


^  In  Chezy'ii  formula. 
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[wkU. 


Gbotf  Xoc  6l 


[•  eqiMk  ^JtSSB  to>  OJHBl] 

Experiment  JTo.  55. — This  experiment  was  on  a  Smithfield  canal 
lateral  (fig.  9;  in  Cmche  County.  Utah.  The  bed  consisted  of  cobbles 
partially  covered  with  silt.  The  edges  had  been  made  irregular  by 
cattle.     The  discharge  was  measured  over  a  weir. 

Experiment  No.  1^7. — ^This  experiment  was  on  a  small  lateral  of  tto 
Logan  and  Hyde  Park  canal  (fig.  9)  on  one  of  the  streets  of  Smithfield 
Cache  County,  Utah.  It  will  be  noted^  by  referring  to  the  table  ^ 
this  page,  that  the  &11  is  about  1  per  cent,  but  that  the  mean  velocitv" 
only  1.35  feet  per  second.  This  small  channel  was  composed  whol 
of  loose,  coarse  gravel,  varying  in  size  from  that  of  a  pea  to  that  o€ 
small  hen's  egg.     The  discharge  was  measured.over  a  weir. 

Experitfvent  No.  26. — ^This  experiment  was  on  the  Logan  and  BensciJ 
Ward  canal  (fig.  9),  in  Cache  County,  Utah.  In  this  case  the  flow  's^ 
much  impeded  by  horsetail  moss,  which  covered  about  three-fourt:::^ 
of  the  water  section.  The  bed  was  composed  of  medium-sized  grav^ 
and  the  dischai^  was  ascertained  by  meter  measurement. 

Experiment  No.  33. — ^This  is  another  instance  in  which  a  small  \^i 
ume  of  water  flowed  very  slowly  over  a  rough  surface,  notwithstandi^ 
that  the  fall  was  64  feet  to  the  mile.  This  experiment  was  on  a  latecr 
of  the  Hyrum  canal  (fig.  9),  near  the  town  of  Hyrum,  Cache  Count-. 
Utah.  The  channel  consisted  chiefly  of  rock,  ranging  in  size  frooL 
inch  to  8  inches  in  diameter.     The  flow  was  measured  over  a  weir. 


Table  ahminiig  values  of  hydraulic  elements  in  group  No.  6. 


Kxpfiri- 
ment. 


Diii- 
(!hargc. 


. 

Str.  .Jrri. 

Nc».  55. . 

1.251 

No.  47.. 

0.85 

No.  20.. 

24.  59 

No.  aa.. 

O.Kl 

Area  of 

water 

section. 


2.97 

0.  m 

'2S),  14 
0.80 


Mean 

velocity. 


Hydraulic, 
mean 
radius.    I 


Feet  per 
second. 

0.43 

1.35 

0.84 

1.02 


Wetted 
peri- 
meter. 


Lineal 
feet. 


Coeffi- 
cient of 
rough- 
ness (n). 


0.52 

5.70 

0.27 

2.32 

1.32 

22.00 

0.20 

4.00 

0.0329 
0.0337 
0.0352 
0.0365 


Coeffi- 
cient {€) 


Feetper    i 
fow. 

0.000353!  32.02 

0. 00991  25. 87 

0. 00033  40. 33 

0. 01212  20. 68 


•  In  Chesy's  formula. 


Group  No.  7. 

[n  equals  0.0377  to  0.0424.] 

Experiment  No.  67. — This  test  was  on  a  small  lateral  of  the  Smith 
field  City  canal  (tig.  9),  which  had  a  steep  grade  and  a  rough  channel 
made  up  principally  of  coarse  gravel  and  cobbles.  The  flow  wa^ 
metsured  over  a  weir.    (See  table  on  page  42.) 

No.  62. — At  the  time  of  the  test  this  small  lateral  of  th< 
•  9)  was  partially  overgrowtv  vj\tti  ^Vi^Vi^i^  «Lud  then 
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was  a  Rtrip  of  moss  on  each  side  which  covered  about  one-fifth  of  the 
channel,  which  was  made  up  of  flat  fragments  of  rock  from  1  inch  to 


Experiment  No.  64 
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Fig.  9.— Sectionfl  of  canalu  ezperimented  upon. 

8  iQclies  across  the  longest  diameter.     A  weir  was  used  to  determine 
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[NO.  43. 


ExperiTnerd  No.  56. — ^This  experiment  was  on  a  lateral  of  the  Smith- 
field  City  canal  (fig.  10)  at  Smithfield,  Utah.  The  conditions  were 
similar  to  those  of  No.  57.  The  edges  of  the  lateral  were  rough  and 
uneven,  and  the  bed  a  mass  of  pebbles  and  cobbles  washed  clean  by 
the  large  flow  in  the  early  part  of  the  season.     (See  table  below.) 

Experiment  No.  £4.. — This  test  was  on  a  well-formed  canal  (fig.  10), 
the  property  of  the  Brigham  City  Electric  Light  Company,  located 
near  the  mouth  of  Boxelder  Canyon,  in  the  county  of  the  same  name. 
The  bed  consisted  of  medium-sized  gravel,  unpacked,  and  about  one- 
third  of  the  water  area  was  filled  with  long,  waving,  water  plants, 
resembling  horsetails.  The  presence  of  these  plants  retarded  the 
velocity,  and  no  doubt  changed  the  degree  of  roughness  from  a  value  of 
about  0.020  to  that  given  in  the  table — 0.0424.  Only  two  meter  meas- 
urements were  made,  but  these  check  very  closely;  they  were  30.99 
and  31.16  second-feet.     The  results  are  given  in  the  following  table: 

Table  akowing  vahies  of  hydraulic  elements  in  group  No.  7. 


Experi- 
ment. 

Dis- 
charge. 

Area  of 

water 

section. 

* 

Mean 
velocity. 

Hydraulic 

mean 

radios. 

Wetted 
peri- 
meter. 

Coeffi- 
cient of 

rough- 
ness (n). 

Slope. 

Coeffi- 
cient (c).» 

No.  57 . . 
No.  62 . . 
No.  56.. 
No.  24 . . 

Sec.-feet. 

1.48 

2.47 

1.17 

31.07 

Sq./eeL 

1.11 

5.55 

1.06 

20.44 

f\eeiper 
tecond. 

1.33 

0.44 

1.10 

1.52 

0.23 
0.77 
0.23 
1.62 

Lineal 
feeL 

4.75 

7.20 

4.70 

12.60 

0. 0377 
0.0393 
0.0423 
0.0424 

FKtper 

0. 0171 
0.00029 
0. 0170 
0.00115 

21.07 
29.62 
17.93 
35.19 

*  In  Chezy's  formula. 


Group  No.  8. 

[n  equals  0.0469  to  0.0629.] 


The  results  of  the  experiments  in  this  group  are  given  in  the  table 
on  page  44. 

Experimeid  No.  35. — This  experiment  was  made  on  a  small  stream 
(fig.  10)  which  supplies  the  Temple  grounds  in  LfOgan,  Utah.  The 
natural  channel  was  made  up  of  sand  and  silt,  but  at  the  time  the 
experiment  was  made  it  was  more  than  one-third  full  of  horsetail  moss. 
The  discharge  was  ascertained  by  weir  measurement. 

Experiment  No.  Jfi. — This  experiment  was  on  a  canal  at  Brigham, 
Utah  (fig.  10),  which  was  more  than  half  filled  with  horsetail  moss. 
The  edges  were  also  overgrown  with  watercress  and  weeds,  but  the 
part  of  the  bottom  which  was  exposed  was  covered  with  fine  gravel. 

Experiment  No.  53. — ^This  test  was  on  a  small  lateral  of  the  Thatcher 
canal  (fig.  10)  near  Logan,  Utah.  About  two-thirds  of  the  lateral  was 
more  or  less  covered  and  filled  with  horsetail  moss.  The  remainder  of 
d^e  exposed  surface  of  the  bed  was  sediment. 


IBRIOATION    CANALB. 


43 


Keperirmtit  No.  52. — ^This  test  was  on  another  nmall  lateral  of  the 
Thatcher  canal  (fig.  10).    The  bed  wan  composed  of  fine  silt,  but  alwut 
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Fig.  10.— Suctions  of  canulH  experimented  upon. 

*nree-fourths  of  the  entire  channel  was  covered  with  aquatic  plants 
Bimilar  to  those  described  in  the  preceding  experVm^u\A. 
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Table  showing  ixdiies  of  hydraulic  elemenU  in  group  No.  8. 


Experi- 
ment. 


No.  35. 
No.  46. 
No.  53. 
No.  52 . 


Dim 
charge. 


Sec.-/eet. 

0.28 

23.40 

1.08 

1.08 


Area  of 

water 

section. 


Sq.feet. 

0.52 

35.76 

2.57 

2.90 


Mean 
velocltj'. 


Fseiper 
gecond. 

0.54 

0.65 

0.42 

0.37 


Hydraulic 

mean; 

radios. 


0.25 

1.74 
0.48 
0.58 


Wetted 
peri- 
meter. 


Lineal 
/eel. 

2.10 

20.50 

5.30 

4.98 


Coeffi- 
cient of 

rough- 
nessTn). 


0.0469 
0.0499 
0. 0519 
0.0529 


Slope. 


Feet  per 
foot. 

0.00442 
0.00028 
0. 00107 
0.00064 


CoeflR 
cient  (c 


16.2^ 
29. 6( 
18.41 
19.lt 


*  In  Chezy's  formula. 


The  writer  presents  these  results  of  experiments  in  the  hope  tl 
they  may  aid  those  building  and  operating  irrigation  systems  in  i 
West  to  arrive  at  a  better  understanding  regarding  the  behavior  a 
carrying  capacities  of  irrigation  canals.  In  planning  new  system.' 
is  necessary  to  know  the  approximate  volume  of  water  which  each  n 
channel  will  carry.  As  has  been  stated,  the  formula  most  genera 
used  for  this  purpose  is  that  of  Kutter.  But  Kutter's  formula  ^ 
give  results  either  too  great  or  too  small,  in  proportion  as  one  choo 
too  low  or  too  high  a  value  for  the  coefficient  of  roughness  (n). 

The  experiments  made  in  the  past  to  determine  the  values  of  n 
canals  have  been  largely  confined  either  to  new  channels  or  to  cor 
tions  somewhat  different  from  those  which  prevail  in  Western  Ameri 
In  the  case  of  new  canals  it  is  believed  that  the  coefficient  of  roughn 
of  the  wetted  surface  is  much  greater  than  it  is  in  canals  of  similar  f o 
and  materials  when  the  wetted  surface  is  well  coated  with  fine  s( 
ment.     The  friction  seems  to  depend  quite  as  much  on  the  wa^ 
which  the  gravel  and  cobbles  are  packed  as  on  their  size.     Again, 
effect  of  water  plants  in  retarding  the  velocity  of  water  in  canals 
usually  been  considered  less  than  our  experiments  indicate. 

On  account  of  the  dissimilarity  between  the  phj'^sical  condition.*- 
the  channels  from  which  the  present  values  of  n  have  been  derived  s 
the  ditches  and  canals  of  irrigated  America,  the  writer  has  attempt 
in  the  following  table,  to  assign  values  for  n  which  are  more  in  acco 
ance  with  the  conditions  now  existing  in  the  Rooky  Mountain  Stat 
Future  experiments,  however,  in  which  the  details  are  more  careft 
looked  after,  may  modify  these  values  of  n. 

Values  of  n  for  irrigation  ditr.hes  and  canals. 

n=0.0175  for  canals  in  earth  in  excellent  condition,  well  coated  with  sediment,  n 
lar  in  cross  section,  and  free  from  vegetation,  loose  pebbles,  and  cobbles. 

n=0.020  for  canals  in  earth,  in  good  condition,  lined  with  well-packed  gravel,  pa 
covered  with  sediment,  and  free  from  vegetation. 

n=0.0225  for  canals  in  earth,  in  fair  condition,  the  wetted  surface  being  lined  y 
sediment,  with  an  occasional  patch  of  minute  algse,  or  compoeed  of  k 
gravel  without  vegetation. 
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11=0.0250  for  canals  in  earth,  in  average  condition,  having  few  nharp  ]>endH,  and 
being  fairly  uniform  in  crosH  section;  the  water  h1o|h'h  an<l  lK>ttoin  Irmh^  limHi 
with  sediment  and  minute  algsc,  or  composes!  of  l<H)Kt»,  cjian***  gravel  and 
hagments  of  rock  less  than  2  inches  in  diamet(^r,  and  fnn*  fn^iu  vegetation. 

n=0.0275  for  canals  in  earth,  below  the  average  in  gnule,  alignment,  and  eronn  mm- 
tion,  having  indentations  on  the  sides,  the  edge^  in  i>la(;es  l>eing  partially 
filled  with  earth  and  gravel,  and  the  lining  com];>osed  of  coarK'  gravel  an<l 
cobbles  unpacked.  This  value  would  also  apply  to  a  smooth,  regular  Hurface 
if  the  channel  were  partially  filled  with  aquatic  plants. 

R=0.0300  for  canals  in  earth,  in  rather  poor  condition,  having  the  be<l  partially  (hov- 
ered with  debris,  or  having  comparatively  smooth  sides  and  l)ottom,  with 
bunches  of  grass  and  weeds  projecting  into  the  water  and  with  a<iuatic  ])lants 
growing  in  the  channel. 

»=0.036O  for  small  ditches  having  a  rough,  uneven  l)ed,  and  for  canaln  in  eurth  in 
fairly  good  condition,  but  partially  filled  with  a<iuati<'  plants. 

n=0.040  for  canals  in  earth  the  channels  of  whi(!h  are  alK>ut  half  full  of  aquatii*  veg- 
etation. 

n=0.060  for  canals  in  earth  the  cliannels  of  which  an^alnnit  two-thirds  full  of  miuaticr 
vegetation. 

The  writer's  experiments  on  the  flow  of  wiitt^r  in  irrijifation  dit^'hes 
»nd  canals,  herein  briefly  described,  seem  to  justify  the  foUowinj^  con- 
clusions: 

(1)  That  sections  of  canals  in  earth,  although  carefully  built,  of  a  trai>ezoidal  form, 
with  the  bottom  width  horizontal,  soon  change  to  wigments  resembling  those  of  an 
ellipse. 

(2)  That  in  all  large  or  medium-sized  canals  in  earth  l>ermH  are  necessary  in  order 
to  prevent  a  portion  of  the  excavated  material  from  rolling  into  the  (tanal. 

(3)  That  during  the  first  season  of  their  opi^ration  the  cjirrj'ing  cajiaeities  of  irri-     ^^ 
g&tion  canals  are  less  than  during  subsequent  siiasons,  provide<l  the  same  conditions 

^  maintained. 

(4)  That  the  coefficient  of  friction  in  canals  well  lined  with  WMiinient,  in  goo<i    ''^' 
condition  and  long  in  use,  is  less  than  iLsnally  han  Ihh^u  pupj><)se<l. 

(5)  That  the  frictional  resistance  of  coarse  materials,  nuch  as  gravel,  jHjbhles,  or     /^ 
cobbles,  depends  to  a  large  extent  on  whether  such  material  is  well  pa<'ke<l  or  loose. 

(6)  That  roughness  in  a  small  <litch  exerts  a  greater  influence  in  retarding  flow    ^w 
^han  the  same  degree  of  n>ughness  exerts  in  a  large  canal  or  a  river. 

(7)  That  in  the  past  canal  builders  have  U)  a  great  extent  overlook(*<l  the  injurious      / 
^^ects  of  the  growth  of  aquati('  plants. 

(8)  That  the  effects  of  water  plants  in  checking  the  flow  and  lessening  the  <'ai)acity       | 
^f  irrigation  canals  may  be  much  greater  than  a  rough,  uneven  <'hannel. 

(9)  That  in  the  sections  of  the  arid  West  where  such  vt»getiition  grows  abundantly 
^he  canals  should  be  built  in  such  a  way  as  to  prevent  its  growth,  or,  if  that  is       ^ 
^^npracticable,  provision  should  Ix?  made  to  facilitate  its  removal. 

WOODEN  FJAIMES. 

A  half  century  ago  the  pioneers  of  Utah  built  flumes  of  native  lum- 
iDer  to  convey  irrigating  water  across  ravines  or  to  strengthen  weak 
'places  in  canals  in  earth.  Since  that  time  their  use  in  the  Rocky 
fountain  States  has  steadily  increased,  and  the  cost  of  those  at  present 
in  service  would  aggregate  many  million  dollars.  Notwithstanding 
their  extended  use  they  have  not  proved  satisfactory.  The  short  life 
of  lumber  when  placed  in  contact  with  the  soW  ouA.  \)![iv>.  ^\SEiV!^^^^o\v^,'$» 
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experienced  in  making  wooden  flumes  water-tight  have  been  a  f ruitfi 
source  of  annoyance  and  expense  and  have  brought  such  structun 
into  disfavor. 

During  the  last  fifteen  years  many  substitutes  have  been  tried,  sue 
as  stave  pipes,  half-round  flumes,  cemented  canals,  and  inverte 
syphons,  and  although  these  later  devices  are  more  durable,  as  a  ml 
they  cost  more,  and  it  is  questionable  whether  they  will  soon  supplac 
the  wooden  flume.  Like  the  railroad  trestle,  the  wooden  flume  ma}'  b 
regarded  as  a  temporary  structure,  but  it  possesses  certain  advantage 
which  every  canal  proprietor  or  superintendent  will  appreciate.  It  i 
cheap,  the  materials  of  which  it  is  composed  can  be  readily  and  quickl 
procured,  and  the  time  occupied  in  building  is  short.  So  long  as  lun: 
ber  is  comparatively  cheap  and  other  building  materials,  such  as  Port 
land  cement,  are  high,  it  is  reasonable  to  conclude  that  the  use  c 
wooden  flumes  will  be  continued.  The  question  for  consideration  it 
therefore,  the  discovery  of  remedies  for  existing  defects,  rather  tha 
the  construction  of  new  structures  to  take  the  place  of  the  old  onei 
The  defects,  as  well  as  some  of  the  remedies  that  might  l)e  appliec 
will  be  pointed  out  in  the  following  discussion  of  the  various  feature 
of  the  construction  of  wooden  flumes. 

FliUME   LINING. 

During  the  infancy  of  irrigation  in  the  West  flumes  were  pi 
together  in  so  unworkmanlike  a  manner  that  leaks  were  the  rule  an 
not  the  exception.  The  lumber  was  frequently  of  inferior  qualiti 
full  of  knots,  unevenly  sawed,  and  imperfectly  dried.  The  linin 
consisted  of  2-inch  planks  spiked  to  the  posts  and  sills,  and  in  lei 
than  a  year  the  joints  between  the  edges  of  the  planks  would  be  sufl 
ciently  open  to  admit  the  fingers  of  a  man's  hand.  Laths  and  edging 
were  often  driven  into  these  open  joints  and  afterwards  they  wei 
calked  with  gunny  sacks  or  oakum  soaked  in  pitch.  When  the  roug 
edges  of  the  planks  were  beveled  so  as  to  leave  a  space  at  the  joii 
having  the  form  of  a  V,as  shown  in  fig.  11,  at  <?,  it  was  possible  to  cal 
the  joint,  but  if  the  edges  sloped  in  the  opposite  direction  and  left  tl 
opening  on  the  outside,  as  in  fig.  11,  at  J,  the  calking  would  not  remai 
in  place. 

Engineers  and  canal  superintendents  first  tried  to  remedy  thef 
defects  by  putting  on  a  double  lining — an  extravagant  use  of  lumbe 
These  linings  were  made  by  nailing  battens  over  each  longitudinj 
joint  (fig.  11,  <?),  by  placing  a  2-inch  layer  over  inch  boards  (fig.  11,  d 
by  using  two  layers  of  inch  boards  (fig.  11,  e)^  or  by  using  2-inch  plani 
beneath  inch  boards  (fig.  11,  f).  In  Montana  1-inch  by  4rinch  an 
1-inch  by  6-inch  biittens  over  joints  are  common,  but  they  invariably  ai 
placed  on  the  side  next  to  the  water,  while  in  the  opinion  of  th 
writer  they  £ihould  be  placed  on  the  outside.  If,  for  example,  batter 
were  laid  on  the  8illa  and  the  planks  placed  above  VSasvsi,  \k^  Y^iuts  i 
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le  latter  would  fill  with  8ediment;  besides,  the  action  of  the  sun 
ould  not  warp  or  curl  the  battens.     If  double  linings  of  uneven 
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Fio.  11.— Methods  of  making  Joints  in  floor  of  flume. 

thickness  are  used,  it  is  preferable  to  lay  the  thinneTlay^T  ^T%t\  olVsex- 
'ke  the  action  of  the  sun  will  cause  inch  boards,  'paxtiev^X'axVj  n^\vjk^ 
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they  become  partially  decayed,  to  draw  through  the  nails.    This  san 
objection  applies  to  the  use  of  a  double  lining  of  inch  boards. 

The  double-lined  flumes  of  Colorado  have  not  fulfilled  the  expect 
tions  of  their  builders.  By  using  2-inch  planks  over  inch  boards  tl 
cost  is  increased  nearly  50  per  cent  and  the  durability  is  diminishes 
Experience  has  shown  that  a  double  lining  will  decay  more  rapid] 
than  a  single  2-inch  lining.  Besides,  sand  and  sediment  are  likely  t 
accumulate  between  the  two  floors,  and  to  freeze  in  winter  and  caui 
displacement  of  tiie  upper  floor,  so  that  the  main  object  of  the  doub 
floor — the  prevention  of  leaks — is  not  always  accomplished. 

The  common  tongue  and  groove  joint  (fig.  11,^)  has  also  been  trie< 
but  with  little  success.  The  cost  of  milling  the  edges  of  planks,  tl 
difficulty  experienced  in  laying  them,  and  the  liability  that  the  pn 
jections  on  each  side  of  the  groove  will  split  off  when  the  lining  warp 
have  prevented  this  form  of  joint  from  being  extensively  used. 

At  the  present  time  the  tendency  among  irrigation  engineers  ar 
superintendents  is  to  demand  a  better  grade  of  lumber  for  flume  lii 
ings,  to  insist  that  the  work  shall  be  planned  far  enough  in  advance  < 
construction  to  secure  well-seasoned  lumber,  and  to  prepare  tl 
lumber  at  the  mills  in  such  a  manner  that  the  liability  to  leak  may  I 
either  wholly  prevented  or  greatly  lessened.  Only  one  lining  is  use- 
and  its  thickness  may  vary  from  li  to  2i  inches,  depending  on  the  si: 
of  the  flume  and  other  conditions. 

The  writer  would  recommend  either  the  driven-tongue  joint  or  tl 
ship  lap  joint.  The  half-timbered  or  ship  lap  joint  (fig.  11,  i)  is  we 
adapted  to  linings  varying  in  thickness  from  li  to  li  inches.  It 
true  that  it  requires  from  8  to  9  per  cent  more  lumber  to  allow  for  tl 
lap,  besides  the  extra  cost  of  milling;  but  notwithstanding  this,  tl 
total  cost  is  much  less  than  that  of  a  double  lining,  and  if  shrinka{ 
occurs  there  is  an  excellent  opportunity  to  ca.lk  the  open  space, 
which  case  there  is  no  chance  for  the  filling  to  work  through  the  join 
In  the  smaller  flumes  the  edges  are  usually  painted  with  white  lea 
and  in  the  larger  flumes  with  hot  asphalt,  both  being  applied  durii 
the  process  of  construction. 

The  driven-tongue  joint  (fig.  11,  h)  requires  thicker  lumber;  othe 
wise  the  projections  at  the  edges  of  the  groove  would  be  likely 
split  off.  A  lining  2i  inches  thick  may  have  a  groove  on  each  edj 
five-eighths  inch  deep,  which  will  admit  a  tongue  five-eighths  in< 
thick  and  seven-eighths  inch  wide.  These  tongues  are  jnilled  fro 
clear  lumber  and  have  the  four  sharp  edges  removed.  The  flooring 
first  laid,  and  as  each  plank  is  fitted  to  its  place  the  tongue  is  inserts 
in  the  groove.  No  tongue  is  inserted  in  the  last  joint  of  the  flo< 
until  after  the  planks  have  been  matched  and  sprung  into  positio 
after  which  the  tongue  is  driven  into  the  groove  from  one  end.  Tl 
Jon^itudiiml  joints  in  the  sides  of  the  lining  are  rendered  water-tig^ 


] 


WOODSir   FLUMES. 


49 


by  driving  wedges  between  the  tiebeam  and  the  upper  edge  of  the 
lining. 

FRAMEWORK. 

Flumes  are  placed  either  on  piles,  on  trestloi^,  or  on  mudsills,  and 
the  form  of  the  framework  is  modified  to  suit  the  foundation. 

A  cross  section  of  a  flume  resting  on  piles  is  shown  in  tig.  12.  Each 
set  of  piles  is  sawed  oflf,  after  being  driven,  and  tapped  with  a  dinion- 
^ion  timber  which  is  secured  to  each  pile  by  means  of  a  drift  bolt. 
The  stringers  are  then  laid  on  the  caps  and  the  tioonng  is  nailed  to  the 
stringers.  The  chief  objection  to  this  form  of  construction  is  tho  early 
decay  of  the  piles  at  the  surface  of  the  ground.     When  thus  exposed, 
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Fig.  12.— Cross  section  of  flume  resting  on  piles. 

ordinary  piles  decay  in  about  seven  years.  Frequently  the  top  of 
the  piles  next  to  the  cap  is  sound,  as  well  as  the  portion  that  is  cov- 
ered with  earth  more  than  2  feet  in  depth.  In  n^pairing  flumes  of 
this  kind  the  practice  of  the  writer  has  been  to  (>xcuvatc  the  earth 
around  each  pile  to  a  point  ix^yond  the  decayed  portion,  remove  the 
decayed  wood,  then  recap  the  sound  portion  and  intrcKluce  a  trestle 
l>etween  the  new  caj)  and  the  flume. 

When  flumes  are  placed  on  trestles  the  ordinary  railroad  trestle  is 

used.     Small  flumes,  such  as  that  shown  in  fig.  13,   have  only  two 

inclined  supports;  in  the  larger  flume^  one  or  more  vertical  posts  are 

inserted  between  the  inclined  posts.     Sometimes  farmers  make  use  of 

IRR  43 4 


50 


CONVEYANCE    OF    WATER    FOB   IRRIGATION. 


[H 


round  poles  to  support  flumes  acrass  ravines,  in  the  manner  showi 
PL  VU,  J?,  which  represents  the  Wilson  canal  flume,  east  of  Ogc 
Utah.     As  a  rule,  it  is  a  mistake  to  make  use  of  a  wooden  flume  w 


Pig.  13.— End  and  side  elevation  of  flume  on  trestle. 


trestles  more  than  10  feet  high  are  required.     Some  other  forn 
constioiction,  such  as  the  inverted  siphon,  should  be  adopted. 
Very  often  portions  of  canals  in  earth,  when  located  on  steep  1 
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sides,  absorb  so  much  moisture  as  to  become  a  source  of  danger  to 
canal  and  a  menace  to  the  projKirty  owners  in  the  vicinity.  In 
past  the  canal  in  such  weak  places  has  usually  been  replaced  I 
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wooden  flume  somewhat  Huiiiltir  in  coimtniotion  to  that  Hhowu  iti  tig. 
14.  The  same  kind  of  flume,  with  the  exception  of  the  iriud»illn,  in 
frequently  seen  in  rocky  canyonx,  where  a  shelf  has  l»eeii  Itlastod  out 
to  a  sufficient  width  to  Hupport  it.  Otxtuionally,  too,  one  sees,  ii^  in 
tig.  15.  a  flume  which  rests  partly  on  roi^k  and  partly  on  timlwr  sup- 
ports. Fig,  15  is  a  cross  seetioii  of  the  Dolores  canal  No.  2,  in  La 
Plata  County,  Colorado. 

Flumes  may  also  be  divided  into  two  clanses,  readily  distinguishable 
by  the  manner  of  supporting  the  vertical  posts.     In  the  Roi-ky  Muun- 
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.  tain  States  the  posts  are  usually  held  in  pcsition  by  n  horizontal  tie- 
beam  bolted  at  its  ends  to  a  pair  of  vi'rtirnl  posts.  In  California  it  is 
ciihitomary  to  dispense  with  the  ticljiiani,  and  Miib-stitutc  therefor  an 
inclined  brace  extending  from  tin-  fl(K>r  sill  to  ii  ]>oint  in  the  upjwr 
half  of  each  post.  If  one  takes  the  trouble  to  c'onipute  thi^  total 
amount  of  lumlwr  required  for  oai-h  of  these  types,  it  will  Ito  found  that 
the  use  of  a  tiebeam  is  more  economical  of  lumber  in  all  (<.xcept  the 
largest  flmoes.     When  a  flume  is  more  than  20  feet  wide  it  may  pay 
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to  introduce  inclined  braces  to  secure  the  vertical  posts;  otherwise  the 
horizontal  tiebeams  are  preferable. 

Fig.  16  shows  a  joint  designed  by  the  writer  to  connect  tiebeams 
with  vertical  posts.     This  kind  of  joint  leaves  the  tiebeam  undimin- 
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Fig.  16.->Joint  designed  to  connect  tiebeams  with  vertical  posts. 

ished  in  thickness  at  the  ends,  where  it  is  liable  to  split  and  be  cracked 
by  the  sun;  it  provides  an  ample  shoulder  to  prevent  wind  or  earth 
pressure  from  overturning  the  sides;  and,  being  dovetailed,  it  is 
stronger  than  the  common  half-timbered  joint. 
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Fio.  17.— Detail  of  connection  of  poRt  with  sill  of  flume. 

Mortise  joints  are  now  seldom  used  in  building  flumes;  experien<-'^ 
has  shown  that  the  sills  first  decay  around  the  mortise.  Besides,  trli^ 
holding  power  of  a  pinned-tenon  joint  in  saturated  pine  wood  is  l>^* 
ifUght.     Vertical  posts  are  now  usually  toe-nailed  onto  the  sills,  and.  U 
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there  is  any  likelihood  of  the  flooring  settling  away  from  the  posts  and 
sides,  straps  of  steel  should  be  bolted  to  each  post  and  to  the  sill  on 
which  it  rests,  in  a  manner  similar  to  that  shown  in  iig.  14. 

On  the  Bitterroot  stock  farm,  owned  by  the  late  Mr.  Marcus  Daly 
and  located  near  Hamilton,  Montana,  there  are,  in  all,  more  than  5 
miles  of  flumes  on  the  various  canals  which  supply  water  to  that  exten- 
sive ranch.     These  flumes  are  similar  to  those  shown  in  PL  VIII. 
They  were  designed  by  Mr.  F.  A.  Jones,  of  Anaconda,  Montana,  chief 
engineer  of  the  Anaconda  Copper  Company.     The  vertical  posts, 
spaced  4  feet  between  centers,  consist  of  two  pieces  of  2-inch  by  6-inch 
joists,  spiked  with  40-penny  wire  nails  to  a  4-inch  by  6-inch  sill  and 
tiebeam.     The  drawing  shows  a  3-inch  by  6-inch  tiebeam,  but  this  was 
afterwards  replaced  by  a  4-inch  by  6-inch  piece.     These  flumes  are 
lined  with  2i-inch*plank,  surfaced,  edged,  and  grooved  in  the  manner 
shown  in  PI.  VIII,  and  although  built  of  green  lumber  they  have 
always  been  practically  water-tight.     At  the  time  of  the  writer's  visit 
to  this  farm,  in  May,  1900,  there  were  flumes  of  this  design  that  did 
not  leak  one  gallon  per  second  in  the  length  of  a  mile.     In  discussing 
this  form  of  framework  for  flumes  with  Mr.  Carlson,  the  carpenter 
and  contractor  who  built  them,  he  was  of  the  opinion  that  the  2-inch  by 
6-inch  posts  should  be  gained  into  the  sills  and  the  tiebeams  as  shown 
in  fig.  17.     The  following  tables  give  a  list  of  the  lumber  required  for 
a  16-foot  length  of  the  flume  and  the  dimensions  of  the  standard  trestle 
bents  of  various  heights: 

^  of  lumber  required  for  a  IS-foot  length  of  S-fooi  by  S-fool  flume  used  in  Skalkaiio  ditch, 

on  BiUerroot  slock  farm^  iiear  IlamHion,  Montana, 


p--#„                      !  Number 
"^^-                       of  pieces. 

Size. 

IM.    Ins.    Ft. 
2JX12  X16 

4X6X7 
3     X  6  X  7 

Board 
measure. 

440 
56 

Kind  of  lumber. 

\ 

I 

1 

1 

Sides  and  bottom 

Bottom  yoke 

11 

4 

4 

16 

4 

8 

16 

3 
4 

1 

Surfaced  one  side, 
both  edges,  and 
grooveti. 

Common  roiiirh. 

Top  yoke 

42               Do. 

Hide  yoke 

2X6X4             64  1           Do- 

Side-joint  covers 

Tongues 

3X6X3             18 
1  X     JX16             20 

{^|}x  2JX10  ,            5 

4     X  4  X16         '64 
2J  X12  X  7             70 

Do. 
Clear  first-clasp. 

Common  nnigh. 

Do. 
Do. 

Wedges 

Stringers 

Subsills 

Total 

L 

779 
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Dirnensions  ofparU  of  siandard  trestie  bents  for  S-foot  by  S-foot  flume  as  used  in  Skai 

dUchf  on  BUterroot  stock  farm  ^  near  HamiUony  Montana. 


Plumb 

Material 

• 

Bottom  of 

post,  top 

for  batter 

Bill  to  top 

ofsihto 

and 

Sill. 

Sway  braces. 

Sash. 

Diagonal  brae 

of  stringer. 

bottom  of 
cap. 

plumb 
poets. 

■ 

Ft.    int. 

FL  iM. 

Fetl. 

Peel. 

FeeL 

FetL 

Feet. 

3    8... 

1  7} 

2  7} 

2 

8 

4    8... 

3 

8 

8 

5  8... 

6  8... 

3  71 

4  7} 

4 
5 

10 
10 

10 
10 

*••«•••••.• 

7  8... 

8  8... 

9  6... 

10  6... 

11  6... 

12  6... 

5  n 

6  7} 

7  5i 

8  5} 

9  5} 

10  5} 

11  5} 

12  3} 

13  ^ 

6 
7 
8 
9 
10 

10 
10 
10 
12 
12 

12 

12 

12 

14 

14    , 

14 

18 

18 

• 

20 

11            12 

20 

^•mm             ^f  m   ^   • 

13    6... 

12 

12 

16 

20 

14  4... 

15  4... 

13 

14 

12 
12 

16 
18 

22 

22 

16    4... 

14  3} 

15  2\ 

16  2% 

15            14 

18 

22 

17  3... 

18  3... 

16 
17 

14 
14 

20 
12  and  14 

22 

'""'lb'*""* 

24 

19    3... 

17    2i 

18 

14 

14 

10 

24 

20    3... 

18    2} 

19 

14 

14  and  16 

10 

26 

21    2... 

19    1| 

20 

14 

14  and  16 

10 

26 

22    2... 

20    l\ 

21 

16 

14  and  16 

10 

20 

23    2... 

21     1} 

22 

16 

16  and  18 

10 

20 

24    2... 

22    1% 

23 

16 

16  and  18 

10 

20 

25    2... 

23    l\ 

24 

16 

16  and  18 

10 

22 

26    1... 

24  oi 

25  Oi 

25 

16 

16  and  18 

10 

22 

27    1... 

26 

16 

16  and  18 

10 

22 

29    4... 

/25    Oi 
1  1    7i 

26 
2 

|l6  and  18 

/16, 18,  and\ 
1       8-10      / 

10 

22 

31     4... 

/25    a 

13    7 

26 

4 

|l6  and  18 

/16,  18,  andl 
\        10        / 

10 

22  and  \i 

33    4... 

/25    Oi 
I  5    7i 

26 
6 

ll6  and  18 

/16, 18,  andl 
1      10-12     / 

10 

22  and  11 

35    2... 

/25    Oi 
I  7    5i 

26 

8 

ll6  and  20 

/16, 18,  andl 
t     12-14     / 

10 

22  and  IJ 

37    2... 

/25    Oi 
1  9    5i 
/25    Oi 
111    5i 

26 
10 

|l6  and  20 

fl6, 18,  andl 
1         14        / 

10 

22  and  » 

39    2... 

26 
12 

|l6  and  20 

/16, 18,  andl 
1      14-16     / 

10 

22  and  2( 

41     0... 

/25    Oi 
113    3i 

26 
14 

ll6  and  20 

/16, 18,  andl 
1      16-18     / 

10 

22 

42  11... 

/25    Oi 
115    2i 

26 
16 

|l6  and  22 

/16, 18,  andl 
t      18-20     / 

10 

22  and  2- 

44  11... 

r25    Oi 
117    2i 

26 
18 

|l6  and  22 

/16,  18,  12,1 
\  and  12-14/ 

10  and  18 

22  and  2( 

46  10... 

/25    Oi 

119    li 

26 
20 

ll6  and  22 

/16,18,12-14,\ 
\and  14-16/ 

10  and  18 

22and2< 

48  10... 

/25    Oi 
121     li 

26 
22 

ll6  and  24 

ri6,  18,  14,1 
1  and  14-16/ 

10  and  18 

22and2( 

50  10... 

/25    Oi 
123    li 

26 
24 

ll6  and  24 

/16, 18, 14-16,1 
1  and  16-18  / 

10  and  18 

22 

52    9... 

f25    Oi 
\25    Oi 

26 
26 

|l6  and  24 

/16, 18,  andl 
\     16-18     / 

10  and  18 

22 

A  common  type  of  the  small  distributing  flume  is  shown  in  fig. 
The  lining  is  usually  li  inches  thick  and  1^  i^e^t  Vow^.    The  botto: 
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12  inches  and  the  sides  are  8  inches,  with  collars  every  4  feet.     The 

lumber  is  usually  prepared  at  the  mills,  and  each  section  of  the  flume 

is  dipped  in  hot  coal  tar  or  asphalt  as  soon  as  completed.     In  the 

orchards  of  southern  California  such  flumes  are  frequently  used  to 

distribute  water  to  the  various  furrows,  by  means  of  2-i«ch  holes 

spaced  midway  between  every  two  collars  and  controlled  by  a  galvan- 

ized-iron  slide.     Fig.  19  illustrates  a  modification  of  these  standard 

distributing  flumes  which  was  built  by  the  writer  to  convey  a  small 

stream  of  water  to  experiment  plats  on  the  farm  of  the  experiment 

static^  of  Utah. 

PROTECTION   OF  ENDS. 

It  is  often  diflicult  to  make  a  secure  and  water-tight  connection 
between  the  end  of  a  flume  and  an  earthen  canal.     Various  devices 


Pig.  18.— a  common  type  of  Rmall  distributing  flume. 

^^  accomplish  this  object  have  been  used,  but  space  will  not  permit 

Jfiore  than  a  brief  description  of  those  most  commonly  adopted.     This 

^  an  important  feature  of  canal  construction,  for  a  large  percentage 

^f  the  breaks  which  have  occurred  arc  traceable  to  defective  cx)nnec- 

^^ons  at  the  ends  of  the  flumes.     When  flumes  are  built  to  convey 

^ater  across  ravines  they  should  extend  some  distance  beyond  the 

^dges  of  the  ravines;  otherwise  a  small  leak,  if  unobserved,  may  wreck 

^  costly  structure. 

Two  forms  of  apron  are  used  to  prevent  the  passage  of  water  either 
^neath  or  at  the  sides  of  a  wooden  flume,  viz,  the  inclined  apron  and 
^he  vertical  apron.  The  inclined  apron  extends  downward  from  the 
floor,  below  grade,  at  an  angle  of  about  20",  at  which  slope  the  lower 
^iida  of  apron  planks  10  feet  long  would  be  3  feet  below  the  bed  of  the 
^^*nal.    The  side  wings  extend  into  the  banks  at  eveu  «t  gt^aXfex  ts.w^<^^ 
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and  impervious  earth  is  carefuU}*^  taniped  around  both  bottom  and 
sides.  This  uiode  of  protecting  the  ends  is  reasonably  secure,  but 
there  are  serious  objections  to  it.     In  the  first  place,  it  requires  a  large 


|-»4V«' 


7^ 


fi^r 


«"«♦"«  la* 


Flo.  19.— ModificatioDfl  of  standard  distributing  flume.    At  a  is  a  view  of  flume  vhowing  method  of 
Joining  ends;  ft  is  a  crom  section  of  flume  and  yoke;  c  is  a  side  elevation  of  flume  and  yokes. 

amount  of  material,  and  if  we  except  the  floor,  which  iS  below  grade 

aad  always  moiat,  this  material,  in  the  form  of  planking  and  dimension 

timbers^  is  placed  in  contact  with  earth  awd  m\\  d^c».y  Viv  «k.\fe^  ^^s^\:^ 
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There  is  anoiher  objection  to  the  side  wings:  Every  sudden  change  in 
cross  section  of  water  channels  is  likely  to  produce  eddies.     When 
water  flows  through  a  rectangular  flume  and  the  section  is  suddenly 
enlarged  by  wings  placed  at  an  angle  of  from  30''^  to  45^  to  the  axis  of 
the  canal,  the  main  body  of  water  in  the  center  flows  on  down  the 
canal,  but  .there  is  a  part  on  each  side  which  is  deflected  toward  the 
banks  and  which  forms  eddies.     These  eddies  are  ver}'  destructive  to 
the  banks,  and  the  form  of  construction  which  has  a  tendency  to  pro- 
duce them  should  be  avoided  if  practicable.     Fig.  20  shows,  in  plan 
and  elevation,  the  end  of  a  flume  with  inclined  aprons.     When  pro- 
tected by  riprap  the  vertical  apron  possesses  certain  advantages  over 


Fig.  20. — Plan  und  elevation  of  end  of  llmnt*  with  inclined  uprons, 

^^  inchned  apron.     At  the  end  of  the  flume  a  troiich  is  dug  8  or  more 
^^t  below  grade  and  extending  hejond  the  flimio  on  (»ach  side  to  a 
?^tance  of  about  half  the  width  of  tho  flume.     An  additional  mudsill 
^  laid  in  the  bottom  of  the  trench,  and  additional  posts  are  pla<>ed  at 
'^e  ends,  with  an  extended  tiebeam  on  top.     Planks  are  then  spiked 
^  these  timbers  and  the  earth  is  ciiref  ull y  tamped  around  them.     This 
^akes  a  water-tight  bulkhead  around  each  end  of  the  flume.     Since 
^e  amount  of  lumber  required  for  this  kind  of  apron  is  small  com- 
I^red  with  that  required  for  the  inclined  apron,  the  writer  has  fre- 
quently obtained  California  redwood  for  the  purpose.     Pine  lumber, 
^t  treated  by  some  of  the  well-known  and  now  much-used  preservative 
pi-ocesses,  would,  however,  answer  as  well.    To  pxe^v^tA*  «to«votv  ^sA 
the  formation  of  eddies^  riprap  should  be  placed  on  \3tifc  >aQ\»VfirQi  • 
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sides,  in  the  manner  shown  in  fig.  21.  If  care  is  used  in  riprapping 
the  sides,  it  is  possible  to  so  gradually  change  the  cross  section  of  the 
water  in  the  flume  to  that  of  the  canal  that  the  flow  will  be  but  slightly 
disturbed. 

There  is  a  modification  of  the  vertical  apron  introduced  by  Mr.  J. 
C.  Ulrich,  civil  engineer,  of  Colorado,*  which  is  deserving  of  mention. 
In  addition  to  the  vertical  apron,  Mr.  Ulrich  builds  at  each  end  a  short 
flume  which  he  places  3  or  more  feet  below  grade  and  fills  the  additional 
space  thus  made  with  well-tamped  earth. 

CARRYING   CAPACITIES. 

As  a  rule  the  cross  sections  of  flumes  are  too  small.  In  calculating 
the  size  of  a  flume  for  a  canal  it  is  customary  to  take  a  high  coefficient 


Fio.  21.— Section  of  canal,  showing  riprap  placed  on  the  bottom  and  sides  to  prevent  erofiion. 

of  roughness  for  the  canal  and  a  low  coefficient  of  roughness  for  the 
flume,  for  the  reason  that  the  flume  is  lined  with  lumber  and  the  canal 
is  composed  of  earth.  The  result  of  such  theorizing  is  to  overtax  the 
upper  ends  of  the  flumes.  In  reality  there  is  little  difference  between 
the  carrying  capacity  of  the  flume  as  ordinarily  built  and  the  carrying* 
capacity  of  an  earthen,  canal  of  the  same  sectional  area.  All  of  the 
shorter  flumes  have  their  floors  covered  with  sediment,  gravel,  and 
occasionally  with  cobbles,  and  the  friction  in  them,  if  the  lining  be 
rough,  may  be  greater  than  in  the  ordinary  canal. 
When  a  flume  is  built  on  the  same  grade  as  the  portion  of  the  canal 

'Seediacuadon  on  fumes  in  Ann.  Am.  Sou.  Irrig.  Engra.  iox  '\SiiKfc-^  v*^^ 
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adjacent  to  it,  its  width  in  the  clear  should  be  about  equal  to  the  mean 
width  of  the  bottom  and  the  surface  of  the  canal;  that  is  to  say,  if  a 
canal  has  a  bottom  width  of  10  feet  and  a  surface  width  of  16  feet,  the 
proper  width  of  a  flume  for  such  a  canal  would  be  nearly  18  teet  in  the 
clear. 

When  water  is  to  be  conveyed  through  a  flume  crossing  a  ravine 
several  hundred  feet  in  width,  it  is  customary  to  allow  an  extra  fall 
for  the  flume,  in  order  to  reduce  its  size  and  lessen  the  expense.    This 
extra  fall  can  not  be  utilized  to  advantage  if  the  size  of  the  flume  is 
uniform  throughout,  since  the  water  moves  with  ordinary  speed  as  it 
enters  the  upper  end,  and  the  effect  of  a  steep  grade  is  to  increase  the 
velocity  and  diminish  the  depth,  so  that  the  fluilie  at  the  lower  end 
may  not  run  half  full.     In  order  to  utilize  an  extra  fall  of  this  kind, 
either  the  width  or  the  depth  of  the  flume  should  be  gradually  dimin- 
ished from  the  upper  end.     By  making  the  upper  end  as  wide  and  as 
deep  as  the  water  in  the  canal,  the  width,  for  example,  may  be  gradu- 
ally lessened  as  the  velocity  of  the  water  increases.     This  would  make 
the  most  economical  flume  as  regards  material,  but  the  cost  of  construc- 
tion would  be  increased,  which  may  account  for  the  fact  that  few  flumes 
have  been  built  in  that  way.     Some  of  these  disadvantages  may  be 
overcome,  however,  by  gradually  enlarging  the  upper  part  of  the 
flmne,  and  allowing  a  steeper  grade  for  this  tapering  part.     By  this 
means  the  entire  volume  would  be  admitted  without  damming  back  the 
water,  and  the  extra  grade  would  increase  the  velocity  sufficiently  to 
allow  the  flume  proper  to  convey  the  volume  admitted. 

The  following  experiments  were  made  on  the  carrying  capacities  of 
flumes: 

EaBpervnieTU  No.  23, — ^This  test  was  on  a  flume  of  the  Bear  River 
canal  at  the  lower  Malade  River  crossing.  About  200  feet  of  the 
upper  portion  is  of  iron  and  steel,  lined  with  riveted  plates;  the 
lower  portion,  for  a  distance  of  more  than  125  feet,  is  of  wood. 
The  test  was  made  in  the  latter  portion,  and  the  results  are  given  in 
the  table  on  page  60.  The  discharge,  64.34  second-feet,  was  obtained 
by  current-meter  measurement.  There  was  no  sediment  or  gravel  in 
the  bottom,  and  the  planks  which  formed  the  lining  were  planed. 

JEaepervmejit  No.  l^B. — ^This  test  was  on  a  small  flume  on  the  Elm 
farm,  near  Corinne,  Utah.  The  lumber  forming  the  bottom  and  sides 
was  planed,  but  some  of  the  oakum  with  which  the  joints  were  calked 
projected  in  places.  The  discharge  was  measured  over  a  trapezoidal 
weir. 

JEosperiment  No.  8. — ^This  test  was  on  a  large  flume  of  the  Bear 
River  canal,  located  near  the  mouth  of  Bear  River  Canyon.  The 
lining  was  of  planed  lumber,  but  the  floor  of  the  flume  was  almost 
entiTely  covered  with  sediment  and  fragments  of  soft  rock.  Three 
current-meter  measurements  were   made  at   the  U>^^  TmdkdX.^.^  ^\A 
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bottom  of  a  150-foot  section,  and  the  results  were  197.40,  197.32,  and 
197.78  second-feet,  respectively. 

Experiment  So.  10. — ^This  test  was  on  a  large  flume  of  the  Bear 
River  canal,  located  about  2  miles  above  that  of  the  flume  of  experi- 
ment No.  8.  In  this  case  the  floor  was  covered  with  sediment,  graveL 
and  small  cobbles.  The  results  of  the  current-meter  measurements, 
taken  at  the  top,  middle,  and  bottom  of  a  100-foot  section,  were  206.36, 
207.74,  and  206.89  second-feet,  respectively. 


Table  showing  values  of  hifdrauHc  elements  m  experiments  to  deiermiant 

of  fiumes. 


Experi- 
ment. 


Di»- 
duurge. 


Are*  of 

water 

section. 


Mean     ^^i"?"^ 
velocity. : 


mean 
radius. 


No.  23.. 
No.  45.. 
No.  8.. 
No.  10.. 


r       -  ■ 

•  Hee.'feeL 
64.34 

Sq./eeL 
11.78 

IM  per 
9eeond. 

5.46 

0.87 

0.97 

1.49 

0.65 

0.33 

197.50 

66.60 

2.97 

2.86 

207.00 

84.05 

2.46 

2.94 

1 

Wetted 
peri- 
meter. 


fed. 
13.62 
4.51 
23.32 
28.60 


Oocfll- 
dent  of 
roogb- 
(a). 


0.0142 
0.0184 
0.0201 
0.0217 


Slope. 

1 

OocA- 
ctonle.* 

0.0032 
O.OO068 

aouoi 
auoosn 

103.37 
67.64 
87.72 
81.85 

•In  Cbezy's  fonnola. 
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This  form  of  flume,  which  resembles  the  modern  stave  pipe  more 
than  the  rectangular  flume,  was  invented  by  Guy  Sterling,  civil  engi- 
neer, nearly  nine  years  ago.  His  claims  for  a  patent  were  filed  in  the 
summer  of  1892,  and  in  August,  1898,  a  patent  was  issued.  The  first 
flume  of  this  type  was  built  by  William  Ham.  Hall,  chief  engineer  of 
the  Santa  Ana  canal,  near  Redlands,  California,  from  a  small  model 
and  a  rough  sketch  prepared  by  Mr.  Sterling.  Inasmuch  as  the  Santa 
Ana  flume  differs  in  many  particulars  from  those  built  under  the  Ster- 
ling patent  in  Utah,  it  is  reasonable  to  conclude  that  Mr.  Hall  modified 
Mr.  Sterling's  design.  In  this  flume  the  8-foot  staves  are  milled  from 
2-inch  by  6-inch  joists,  in  a  manner  exactly  similar  to  the  staves  for 
wooden  pipes,  and  are  supported  at  the  ends  b}'  T  irons  curved  to 
coincide  with  the  exterior  of  the  flume.  These  T  irons  rest  on  wooden 
sills  which  are  concave  in  the  center  and  are  supported  by  either  blocks 
of  concrete  or  by  redwood  mudsills.  Each  section  of  the  flume  is  also 
l)ound  by  two  five-eighths-inch  round  steel  rods,  fastened  by  means  of 
nuts  to  two  horizontal  tiebeams  which  rest  on  the  top  edges  of  the 
flume.  At  their  ends  the  staves  are  tightened  by  means  of  wedges 
driven  between  the  tiebeams  and  iron  straps,  and  throughout  the  middle 
portion  they  are  tightened  by  cinching  the  nuts  onto  the  two  iron  rods.* 


'See  Trans.  Am.  Soc.  Civ.  EngiB.,  Vol.  XXXIII,  p.  100. 
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At  least  four  lines  of  this  type  of  flume  are  now  in  successful  opera 
tion.    Their  lengths,  areas,  and  locations  are  as  follows: 

IM  of  Sterling  paUrU  semicircular  fluines  in  operation. 


Location. 


Santa  Ana  canal,  Redlands,  California 

Mount  Nebo  Irrigation  Co.,  Goehen,  Utah 

Utah  mining  camp 

TeUnride  Power  Transmiaeion  Co.,  Provo,  Utah. 


I 

Length.     I 


Sectional 
area. 


11,394  '   15.50 


5,800 

500 

8,400 


14.14 

8.00 

28.00 


With  the  exception  of  the  Santa  Ana,  all  of  the  flumes  named  have 
^n  built  in  accordance  with  one  general  plan,  differing  only  in  size 
and  relative  proportions.     The  Mount  Nebo  Irrigation  Company's 
flame  is  a  true  semicircle  of  6  feet  inside  diameter;  the  mining  camp 
floine  resembles  a  parabola,  its  depth  being  about  4  feet  and  its  great- 
est width  about  3  feet;  and  the  Telluride  Power  Transmission  Com- 
pany's flume  is  shown  in  fig.  22.     The  staves  are  (connected  at  their 
enda  by  metallic  tongues  inserted  in  saw  kerfs,  and  are  broken-jointed 
in  that  every  two  adjacent  staves  overlap  at  least  2  feet.     The  form 
of  the  staves,  the  end  joints,  and  the  manner  of  breaking  joints  are 
^us  similar  to  those  of  stave  pipe.     The  semicircular  flume  rests  on 
Wooden  chairs  placed  10  to  12  feet  between  centers.     Each  chair  con- 
sists of  a  bolster,  two  vertical  pieces  curved  by  band  sawing  to  suit 
the  exterior  of  the  flume,  and  a  straight  tiebeam.     The  chairs  for  the 
**rge  flume  of  the  Telluride  Power  Transmission  Company  in  Provo 
Canyon  are  placed  12  feet  apart,  and  the  half -inch  steel  bands  which 
^old  the  staves  together  are  spaced  2  feet  8  inches  lietween  centers. 

The  Sterling  semicircular  flume  possesses  certain  advantages  over 
^he  conunon  rectangular  flume.  In  canyons  where  the  line  of  the 
^Utae  is  made  up  for  the  most  part  of  curves,  it  is  comparatively  easy 
^^  adjust  the  Sterling  flume  to  ordinary  curvatures.  In  case  of  shrink- 
^ir^  the  flume  may  readily  be  made  water-tight  by  screwing  up  the 
^Uts  at  the  ends  of  eac^h  threaded  band.  It  also  possesses  the  advan- 
^ge  of  not  being  in  contact  with  the  soil,  so  that  air  is  allowed  to  cir- 
^*U.late  freely  around  all  portions,  with  the  exception  of  the  small 
^^Udsills,  which  may  be  replaced  at  trifling  cost.  No  nails  or  spikes  are 
^i'iven  through  the  lining  of  the  flume,  and  by  making  a  girder  of  each 
^^-foot  length  fewer  supports  and  less  luml)er  arc  required. 

The  Provo  Canyon  line,  shown  in  Pis.  X  and  XI,  has  })een  success- 
*^illy  operated  for  nearly  three  years,  and  the  only  breaks  that  have 
^^Hicurred  have  been  caused  by  }x)wlders  becoming  detached  from  the 
^^nyon  sides  and  striking  the  exposed  flume.     The  bottom  staves 
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^SS^  ''^  plHc«N  tu  Hucb  an  extent  that  additional  supports  had  to  1 
inserted  midway  between  the  chairi^.  .  Thiu  is  the  most  aerioaa  stni 
tuml  weitkncHij  which  has  developed  in  this  flume,  and  the  remedy 
evidently  a  shorter  span  Iwtwecn  the  chairs. 

In  order  to  determine  the  carrying  i-apacitios  of  semicircalsr flume 
two  current-meter  uieasurement^  were  made  in  1898  by  the  late  W. , 
Dougall,  ei^il  engineer,  who  was  then  amsisting  the  writer.  One 
these  measurGuicnts  was  made  near  the  intake,  in  what  is  known  as  t 
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old  fliime.  and  the  other  wa:^  made  at  a  point  about  a  mile  below, 
what  is  known  as  the  new  tlimie.  At  the  time  theue  experiments  we 
made  the  flume  was  not  carrying  itw  niaxinnini  quantity  of  water,  f' 
some  repairs  were  being  made.  There  wa.^  also  considerable  leakaf 
between  the  two  places  of  measureinpnt,  which  may  account  for  tl 
greater  part  of  the  difference  in  <lisclmrge.  The  following  are  tl 
results  of  Mr.  Dougall's  expcriiiientj*: 


8TAVB   PIPB. 


y/rttalttoflaUmade  by  W.  B.  Dmigallto  detemnne  the  carrymg  eopadtia  o} 
Kmirircular  fiameii. 
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STATE  PIPB. 

The  use  of  wood  to  convey  water  for  domestic  purposes  wa8  common 
*  lumdred  years  ago.  Many  of  the  present  oxtcnsivo  tind  co«tly 
^"terworkfl  aystems  of  the  New  England  citteM  had 
''leir  origin  in  one  or  more  lines  of  bored  logs. 
0»i  .    .  _. 


,  ing,  however,  to  their  small  capacity  aud  the 
^perfect  manner  of  joining  the  lengths,  their  uso  in 
^   ^  United  StAtes  has  been  wholly  superseded  by  sonic 


^       '^   LiUIUDU  OlAbt 

^Tn  of  metal  pipe.     One  frefiueutly  reads  of  these 

'-I  bored  logs  being  dug  up  to  give  place  to  modern 

*^rovement8,  and  the  excellent  state  of  preserva- 

^^n  in  which  they  are  found,  after  being  buried  a 

^  '^time,  speaks  well  for  the  lasting  qualities  of  wood 

^^der  favorable  conditions. 

In  some  parts  of  Canada  bored  logs  are  still  exten- 
""^ely  used  for  water  pipes,  on  account  of  the  cheap- 
^^ssof  suitable  lumber.   Tamanu-k  wood  in  preferred, 
*^^th  on  account  of  its  durability  when  in  contact  with 
^^^e  soil  and  the  suitable  form  of   the  trees,  which 
^:^  frequently  not  larger  than  a  stovepipe  at  the  butt 
*~id  and  maintain  a  nearly  uniform  size  throughout 
"^■vo-thirda  of  their  entire  length.     When  tamarack 
*=K  Dot  available,  Canada  balsam  makes  a  good  substi- 
^■>ate.     In   many  sections  this   can   he   had   for  the 
^i*itting.     It  is  so  soft  that  a  man  can  lioro  with  ease 
^  2-inch  hole   through  a  sootion   length,  and  when 
kept  moist  it  lasta  well.     The  trees  arc  cut  in  lengths 
'^l  from  9  to  12  feet,  and  each  length  U  i>laced  on 
^   platform,   where    it   is   bored   by   a   long  auger 
revolving  in  guides  and  ojK'ratcd  by  hand.     The  sec- 
tions are  joined  l»y  reaming  a  long,  tnpt^ring  socket     .._.„ 
"*   the  larger  end  of  each   lengtli  and  l>y  shaving  or         "'  '*'^"''  ''*"- 
turning  the  smallei*  end  into  a  spigot.     Formerly  u  hmd  of  wrought 
''On  encircled  the  socket  end  to  prevent  the  shell  from  splitting  when 
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the  upigot  was  beiDg  driven  into  it;  but  in  more  recent  practice  the 
iron  band  ia  driven  into  the  end,  as  »howa  in  fig.  23. 

Illustrations  of  the  next  stage  of  the  development  of  wooden  pipe 
are  to  be  seen  in  the  penstocks  of  many  of  the  old  gristmiUs  and  saw- 
mills of  New  England  and  eastern  Canada.  Originally  these  pipes,  or 
penstocks,  were  built  in  sections  of  narrow  pine  or  balsam  planks,  the 
edges  being  planed,  by  baud,  to  the  required  bevel.  These  staves  were 
encircled  by  fiat  bands,  to  which  were  welded  short  pieces  of  round 
iron  threaded  and  secured  by  nuts  to  cast-iron  saddles.  The  weak 
feature  of  this  construction  was  in  the  joints  between  the  sections. 
By  using  a  tapering  stave  the  endtt  of  each  section  were  made  to  differ 
in  size,  and  by  shaving  down  the  smaller  end  it  was  made  to  telescope 
the  larger.  The  lap,  however,  was  only  a  few  inches  at  most,  so  that 
the  joints  usually  leaked,  or  the  sections  slipped  apart  altogetber.  In 
some  cases  tbijj  defect  was  remedied  by  building  the  pipe  in  the  trench 


re  pjpc  used  in 


and  avoiding  distinct  joints  at  regular  distances,  the  ends  of  the  staves 
being  united  by  an  iron  dowel  and  the  joints  broken  by  a  lap  of  !^ 
or  more  feet,'     The  6-foot  wooden  conduit  laid  in  1881  and  188:3  as 
part  of  the  intake  of  the  Toronto  waterworks  may  be  cited  as  a  sample 
of  this  type  of  stave  pipe.     The  sbtves  were  made  of  white  oak  6  inches 
wide  and  5  inches  thick,  beveled  on  the  edges  and  curved  on  the  outer 
surface  to  conform  to  an  ^rc  having  a  radius  of  3  feet  5  inches,  as  - 
.shown  in  fig.  24.     The  metallic  tongue  between  abutting  stave  enda^ 
was  one-eighth  inch  thick,  6  inches  long,  and  the  full  width  of  the-; 
center  of  the  stave.     The  hoops  were  of  wrought  iron,  three-fourthsH 
inch  thick  by  S  inches  wide,  welded  together,  washtub  fashion.  andC 
spaced  2  feet  between  centers. 

It  is  H  modified  form  of  this  kind  of  stave  pipe  that  has  been  s(^ 
extensively  used  iu  the  Western  States  during  the  last  twelve  years.^ 
The  first  Hue  of  this  kind  was  built  under  the  supcrvbion  of  Mr— 
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CharlesF.  Allen,  chief  eogineerof  the  Denver  Union  Water  OonipaiiY, 
of  Denver,  Colorado,  and  extended  from  the  West  Denver  rescrvtiir 
to  the  underground  galleries  on  South  Platte  River,  3i  miles  dLstiiiit. 

The  results  of  Mr.  Allen's  experiments  were  finally  enilxHlicd  in  ii 
patent  issued  March  22,  1887.  This  patent  embraced  stave  pipe  us  a 
whole  as  well  as  each  of  its  main  features,  viz,  the  round  iron  or  steel 
bands,  the  cast-iron  shoes  or  saddles,  and  the  motallic  tongue.i,  M«iiy 
modifications  and  some  improvement^^,  now  covered  l>y  other  patents, 
have  since  been  made,  and  in  order  that  the  reader  may  obtain  some 
idea  of  the  modem  forms  of  this  pipe,  a  brief  description  of  each  will 
be  given. 

Fig.  25  illustrates  the  Hiode  of  connecting  the  butt  joints  of  the 


!,  BPPtlon  of  woncliii  |iipf,  showinc  rrwltion  of 
iHiiiR  DitrthiHl  of  lirwbitiK  JcilntHiiiicl  pudtiim  ol 
til';  (J.  (-iid-H  lit  Kli'L']  blind  mill  mnlk-Hhli'-lron  m 
wlnB  ii[>  iititNiin  Btii'l  tiaiu1«:  a,  i«iisi<ie  liirm  lu 
u  bJ<H'k  «[  u-ood  ill  Ihp  Ironch:  I,  nnA  I,  innide 


*^*3.  2S.— DpIAlIs  o(  Allen  iTpc  "I  «l« 
tMnds  >Dd  iKin  nddle;  b,  cluvuliun 
*»ind»;  e.  endo  of  rtavw.  nhowiiiK  ni 
•^.pl«ii(if»«ddlei/,  wrrnih  cir  bii-li 
*-jullding  pipe,  conriHtlng  o(  n  l«nt  j 
^JKdln  building  pipe.  cunnlHtinH"! 

**tave8,  the  forms  of  the  steel  tHvndw  and  the  malleable  iron  saddles, 
^*id  a  portion  of  a  completed  pipe  of  the  Allen  typo.  The  staves  are 
^•■ressed  from  joists  varying  in  size  from  2  inches  by  4  inches  to  3 
*  *icbea  by  10  inches,  depending  on  the  diameter  of  the  pipe  to  bo  built, 
^nd  their  ends  are  slotted  to  admit  the  metallic  tongue.  The  malle- 
^We-iron  saddle  is  so  designed  that  it  holds  in  |M>sition  the  T  end  of 
*-he  band,  and  allows  the  insertion  of  the  threaded  end,  which  is  secured 
^y  means  of  a  nut. 

Elg.  26  shows  the  construction  of  the  Dwelle  type  of  stave  pipe. 
It  differs  from  the  Allen  type  in  several  important  particulars:   The 
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ends  of  the  staves  are  connected  by  means  of  a  tongue  and  groove; 
the  band  is  threaded  at  each  end  and  is  secured  to  the  casting  by  two 
corresponding  nuts  which  abut  against  shoulders;  the  edges  of  the 
staves,  instead  of  being  radial,  are  dressed  to  a  kind  of  ogee  curve. 

Fig.  27  shows  the  construction  of  the  stave  pipe  recently  built  by 
the  Pioneer  Electric  Power  Company,  of  Ogden,  Utah.  The  shape  of 
the  staves  and  the  metallic  tongues  used  to  connect  their  ends  are 
similar  to  those  of  Allen's  patent,  but  the  steel  bands  and  saddles  are 
widely  different;  they  were  designed  by  the  late  J.  C.  O'Melveny, 
civil  engineer,  of  Salt  Lake,  Utah.  The  band  is  in  two  parte.  One 
part  encircles  the  upper  circumference  of  the  pipe  and  is  attached  to 
two  steel  saddles  by  means  of  two  loop  eyes;  the  other  part  encircles 
the  lower  circumference  of  the  pipe  and  is  attached  to  the  same  sad- 


dles by  means  of  nuts  screwed  to  each  threaded  and  upset  end  of  thi< 
part  of  the  band.  The  saddles  are  U  shaped,  being  curved  to  sui( 
the  outer  arc  of  the  staves,  and  pressed,  when  hot,  out  of  three-six- 
tenth-inch  steel  plates. 

There  are  various  other  modifications  of  staves,  bands,  and  saddles, 
but  their  use  has  been  confined  to  short  lengths  of  pipes  and  to  feif 
localities. 

LUMBER  FOE   8TAVEB. 


Colorado  pine  {Pinua  jxmderosd)  was  used  on  the  first  pipe  lines  built 
in  the  "West.  Its  tendency  to  warp,  the  large  number  of  knots  which 
it  contains,  and  its  short  life  when  exposed  to  unfavorable  conditions, 
render  it  an  unsuitable  wood  in  every  respect  save  that  of  first  cost. 
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l«ng-leaf  yellow  Texas  pine  (Plnus  paltutris)  waa  next  tried  and  was 
^ovnd  to  possess  many  advantaj^es  over  the  native  pine.  There  were 
'c<r  knots,  the  staves  were  longer,  and  there  was  less  warping  on 
exposure  to  the  action  of  the  sun  and  atmosphere.  The  I'esin-filled 
^"cte  in  the  quarter-sawed  lumber  were  among  the  worst  defects,  since 
^c  fluctuating  water  pressure  within  the  pipe  washed  out  the  resinous 
"ostance  and  allowed  the  water  within  to  ooze  through  the  thin  shell. 


^" — •wlifornia  redwood  {Sequcki  nempervirens),  on  account  of  its  great 
4***bility,  its  freedom  from  knots,  and  itd  fine,  close  texture,  has  been 
extensively  used  for  thi.s  purpose  on  the  Paciti<.:  coast  and  as  far  east 
9^  XJtah,  Montana,  and  Colorado.     More  than  twenty  carloads  of  fin- 
ished redwood  staves  were  used  by  the  writer  in  the  spring  of  1890  to 
■"^ild  a  2-foot  stave  conduit  for  the  Ogdcn  waterworks,  and  two  years 
j      '"t©r  the  same  kind  of  wood  was  used  on  the  18-inch  conduit  of  the 
^^<>gan  waterworks.     Both  of  these  lines  have  given  excellent  satisfac- 
•'oti  and  bid  fair  to  last  thirty  years  or  longer. 

Douglas  spruce  (Pneudotauga  douglnsii),  commonly  called  Oregon 
fif,  or  Oregon  pine,  was  used  to  the  extent  of  1,500,000  feet  B.  M.  on 
*be  27,000  lineal  feet  of  6-foot  conduit  of  the  Pioneer  Electric  Power 
™nipany,  of  Ogden,  Utah.     In  appearance  this  lumber  was  perhaps 
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the  finest  ever  used  in  construction  work  on  this  continent.  It  was 
strong  and  smooth,  and  entirely  free  from  knots  and  other  defects 
common  to  most  timl)ers.  The  only  question  yet  to  be  settled  in 
regard  to  the  use  of  Douglas  spruce  for  staves  is:  Will  it  last  long^ 
We  know  that  the  life  of  a  redwood  mil  road  tie,  if  protected  by  thin 
metal  plates  from  the  crushing  effect  of  the  rail,  is  more  than  twice  as 
long  as  that  of  either  a  pine  or  a  spruce  tie.  The  greater  part  of  the 
conduit  just  mentioned  is  considerably  below  the  level  to  which  the 
water  would  rise  if  a  hole  were  bored  in  the  pipe,  and  the  lumber  in 
all  such  portions  will  be  continuously  soaked.  Such  being  the  case,  the 
lumber  used  was  perhaps  the  most  economical.  If,  however,  a  pipe  or 
conduit  has  to  be  located  on  grade,  or  in  a  position  where  the  pipe  will 
be  only  pirtially  filled  with  water,  there  can  be  no  question  that  red- 
wood, although  its  first  cost  may  be  greater,  will  prove  the  cheapest 
wood  in  the  end. 

STEEL   FOR   BANDS. 

In  specifying  the  quality  of  steel  for  the  bands,  the  strength  of  the 
metal  has  been  considerably  reduced  in  order  to  increase  its  toughness 
and  ductility.  Mr.  Allen  was  the  first  to  use  a  mild  steel  made  by  the 
open-hearth  process,  very  similar  in  quality  to  that  used  for  steam  boil- 
ers. The  average  tensile  strength  of  the  specimens  tested  was  about 
01,000  pounds  per  square  inch,  the  elastic  limit  40,000  pounds,  the 
elongation  in  8  inches  more  than  25  per  cent,  and  the  reduction  areu 
more  than  50  per  cent.  This  kind  of  steel  will  not  only  bend  flat  upon 
itself  through  180  degrees  when  cold,  but  after  being  so  bent  it  may 
be  hammered  to  half  its  diameter  without  sign  of  fracture. 

In  the  first  lines  built  in  the  West  the  rods  were  not  upset  at  their 
threaded  ends.  This  omission  was  probably  due  to  the  extra  cost  of 
upsetting  small  rods.  This  work  can  now  be  done,  however,  for  u 
mere  trifle,  and  any  one  can  readily  sec  that  in  pipes  of  large  diam- 
eters, requiring  long  bands,  the  saving  in  upsetting  the  threaded  ends 
is  considerable. 

CONSTRUCTION. 

The  bottom  width  of  the  trench  is  made  from  1  to  2  feet  wider  than 
the  diameter  of  the  pipe,  in  order  to  give  space  for  workmen  to  stand 
on  either  side  of  the  pii>e  when  it  is  being  put  together,  and  the  side 
slopes  of  the  trench  an»,  as  steep  as  the  nature  of  the  material  will 
permit. 

Ordinarily  inch  gas  pipes  bent  in  the  form  of  a  U,  the  lower  portion 
conforming  to  the  outer  circumference  of  the  pipe,  answer  very  well 
for  outside  forms  in  which  to  hold  the  staves  in  place  until  the  lower 
half  is  put  together.  To  prevent  the  staves  from  falling  while  the 
upper  halt  is  being  built,  the  same  kind  of  iron  pipe  is  used  in  the 
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of  a  coil,  the  outer  diameter  of  which  is  nearly  equal  to  that  of 
iside  diameter  of  the  pipe.  The  bottom  staves  are  kept  slightly 
ranee  of  the  top  staves,  in  order  to  facilitate  building  and  to  make 
»nger  joint.  The  lengths  are  joined  by  lapping  the  staves  a  dis- 
of  from  20  to  30  inches.  An  oak  driving  bar  banded  with  Nor- 
ron  and  struck  with  a  12-pound  sledge  hammer  is  the  only  device 
to  drive  the  staves  and  make  tight  all  end  joints.  The  metallic 
les  are  inserted  in  the  slots  made  in  the  ends  of  the  staves  after 
section  or  length  has  been  driven,  when  all  is  in  readiness  for 
uilding  of  the  next  section. 

3  steel  rods  for  the  bands  are  bent  by  hand  after  being  shaped  on 
ig  tables,  and  are  afterwards  either  dipped  in  hot  asphalt  or 
ed.  Specially  designed  braces  are  used  to  screw  the  nuts  on  the 
i,  and  a  leather-faced  wooden  nmllet  handled  by  a  man  inside  of 
ipe  has  been  found  to  be  the  best  tool  to  adjust  the  staves  to  the 
jr  alignment  and  true  circle. 

>  strength  of  the  pipe  depends  on  the  number  and  size  of  the 
bands.  If  there  is  little  pressure  within  the  pipe,  the  bands  are 
d  far  apart,  but  seldom  more  than  14  inches.  As  the  pressure 
Q  increases — i.  e.,  as  the  pipe  dips — the  bands  are  placed  nearer 
ber,  so  that  a  pipe  under  a  head  of  100  feet  may  be  as  strong  as 
3  under  a  head  of  5  feet. 

LOCATION   OF   PIPE   LINE. 

s  very  bad  practice  to  locate  a  wooden  pipe  line  on  a  grade,  for 
^ason  that  when  so  placed  the  pipe  is  seldom  full  of  water,  and 
air  and  gases  collect  in  the  upper  portion,  which,  with  the  earth 
►ut,  soon  cause  the  wood  to  rot.  An  ideal  location  is  over  gently 
iating  ground  where  each  low,  flat  valley  ends  in  a  narrow  ridge, 
from  the  side,  a  pipe  so  placed  would  remind  one  of  a  big  cable 
)rted  at  regular  intervals  and  sagging  betwo(Mi  every  two  sup- 
.  Hence,  in  laying  out  a  line  for  wooden  pipe,  no  matter  how 
1  or  uneven  the  country  tniversed  may  be,  an  attempt  should  be 
to  rise  to  grade  only  at  intervals  which  might  vary  from  a  quar- 
» a  half  mile,  while  the  line  between  the  rising  points  might  te  5  or 
feet  below  grade.  The  main  object  of  such  a  location  is  to  keep 
ipe  not  only  full  of  water  but  under  some  internal  pressure.  Other 
tions  being  favorable,  and  the  shell  being  kept  continuously  moist, 
en  pipe  should  last  a  lifetime. 

DURABILm'. 

ve  pipe  built  of  native  pine  lumber,  placed  in  a  dry  soil,  and 
only  partially  full  of  water,  may  rot  along  the  top  staves  to 
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such  an  extent  that  in  five  years  those  stares  will  hare  lo  be  renewed. 
The  same  kind  of  pipe,  however,  if  kept  cootiniioQ^T  full  of  water 
and  under  pressure  and  buried  2  or  3  feet  beneath  the  surfmx^  mav  be 
in  good  condition  twenty  years  after  being  laid. 

Ten  years  ago  the  city  of  Cheyenne.  Wyoming,  laid  about  ^•.•■m 
lineal  feet  of  stave  pipe  from  wells  in  Crow  Creek  to  a  standpipe 
near  the  resen^oir.  The  low  standpipe  kept  the  lower  portion  of  the 
pipe  line  under  pressure,  but  the  upper  portion  was  seldom  full  of 
water,  often  onl}'  half  full,  and  rotted  so  rapidly  that  in  about  eight 
years  2,000  feet  of  it  was  replaced  by  sewer  pipe,  and  during  the  year 
18^  an  additional  length  of  2,200  feet  was  replaced  by  sewer  pipe  24 
inches  in  diameter.  Through  the  courtesy  of  Walter  D.  Pease,  civil 
engineer,  of  Laramie,  Wyoming,  the  writer  obtained  three  samples  of 
the  old  staves,  which  Mr.  Pease  graded  best,  second  best,  and  third 
best.  The  best  sample  was  in  fairly  good  condition,  having  been  kept 
moist,  the  third-best  sample  was  greatly  decayed,  while  portions  of 
the  top  staves  were  reduced  to  rotten  fragments  and  could  not  >>e 
photographed. 

The  durability  of  stave  pipe  when  made  of  good  lumber  and  prop- 
erly laid  is  shown  by  the  following  extract  from  a  report  on  the 
Ogden  waterworks  to  the  Ogden  council,  by  N.  W.  BetheL  city  engi- 
neer, and  the  writer  as  consulting  engineer: 

In  consideration  of  the  fact  that  this  wooden  stave  pipe  has  been  in  operation  for 
nearly  eight  years,  its  present  condition  is  excellent  We  have  uncovered  portion:* 
of  the  pipe  throughout  its  entire  length  in  at  least  forty  different  places,  and  have 
found  without  exception  the  redwood  of  which  the  staves  are  composed  to  be  in  a 
sound  condition. 

The  life  of  this  kind  of  pipe  is  prolonged  by  an  earth  covering  of  2 
feet  or  more.  When  laid  near  the  surface,  with  little  or  no  covering 
of  earth,  the  combined  action  of  earth,  air,  and  sunlight  causes  decay. 

USE. 

The  most  expensive  portions  of  irrigation  canals  in  earth  are  the 
ravines.  During  the  last  thirty  years  the  common  practice  in  the 
Rocky  Mountain  region  has  been  either  to  go  around  these  ravines 
with  a  grade  canal  or  to  erect  across  each  a  flume  on  trestles.  The 
first  method  is  often  impracticable,  and  in  any  event  the  length  of  the 
canal  is  unnecessaril}-  increased.  The  latter  method  proves  expensive, 
not  because  of  the  first  cost,  but  on  account  of  the  annual  expense  of 
maintenance  and  the  frequent  renewals.  Such  flumes  usually  have 
to  be  calked  every  spring,  while  both  trestles  and  flume  are  exposed  to 
landslides,  fires,  and  windstorms,  or,  escaping  these,  are  inevitably 
subject  to  early  decay.  Stave  pipe,  on  account  of  its  cheapness  and 
the  large  sizes  that  can  be  constructed,  is  rapidly  taking  the  place  of 
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flames  on  trestles.  One  or  more  lines  of  pipe  are  laid  in  a  trench  dug 
across  the  bottom  of  the  ravine,  and  are  connected  with  the  grade  cuiial 
at  either  end  by  means  of  shallow  wells  or  rectangular  boxes.  The 
cost  of  an  inverted  pipe  siphon  is  frequently  less,  and  it  may  last  two 
or  three  times  longer  than  a  flume  on  trestles. 

The  old-fashioned  way  of  conveying  water  to  gristmills,  .sawmills,  or 
manufacturing  plants  was  to  make  use  of  a  short,  open  raceway  from 
the  stream  to  the  mill  and  utilize  the  low  head  thus  created.  Wooden 
pipe,  on  account  of  its  general  adaptability,  is  now  being  extensively 
used  for  this  purpose.  It  permits  the  conveyance  of  an  equal  amount 
of  water  a  much  longer  distance,  increasing  the  fall  and  consequentl}' 
the  power  produced. 

This  kind  of  pipe  is  also  frequently  used  to  convey  water  to  domestic 
distributing  reservoirs,  from  which  the  water  is  conducted  through 
iron  pressure  pipes  laid  in  the  streets  of  the  city. 

COST. 

On  account  of  the  fluctuation  in  the  prices  of  lumber  and  steel,  as 
well  as  the  variation  in  freight  rates  and  many  other  causes,  it  is 
impossible  to  state  the  cost  of  stave  pipe.  In  the  Rocky  Mountain 
States  the  price  of  redwood  joists  dressed  into  staves  is  about  $4()  per 
1,000  feet  B.  M.  A  pipe  20  inches  in  diameter  requires  al)Out  Vi  feet 
of  lumber  to  each  lineal  foot  of  pipe;  a  24-inch  pipe  requires  16  feet  of 
lumber,  a  30-inch  pipe  requires  18  feet,  a  36-inch  pipe  requires  22  feet, 
and  so  on  in  about  that  ratio.  The  cost  of  the  iron  and  steel  per  lineal 
foot  of  pipe  depends  on  the  pressure  of  water  within  the  pipe.  When  a 
stave  pipe  is  laid  near  grade  the  bands  may  be  spaced  V2  or  more  inches 
apart.  If,  on  the  other  hand,  it  is  laid  aiToss  the  bottom  of  a  nivine 
100  feet  below  grade,  the  bands  should  be  about  3  inch(js  ajmrt. 

The  figures  given  below  may  conv(»y  some  id(»a  of  the  pn»sent  com- 
parative cost  of  stave  pipe,  cast-iron  pipe,  and  riveted-steel  pipe  in  the 
city  of  Salt  Lake.  The  following  })ids  w(»re  received  Manh  24,  IImm), 
for  furnishing  all  of  the  materials  and  laying  th(»  City  C'reek  pijKj  line: 

4,390  lineal  feet  of  30-inch  ptavc  piix-,  S2.95  anrl  $:110;  (>r 
4,300  lineal  feet  of  30-inch  caat-iron  pijK',  $10.20  ami  $l().s5;  or 
4,390  lineal  feet  of  30-inch  riveUnl-j-te*!  piin-,  §8.(55  and  $UAr), 
4,390  lineal  feet  of  24-inch  stave  pii>i-,  §2.(>()  an«l  $2.55; 
5,920  lineal  feet  of  24-inch  rant-iron  \>'i\**^,  $7.45  and  $S.15;  and 
5,920  lineal  feet  of  24-inch  riveted-st«-«l  pijK*,  .*5.75  and  $»i.<)5. 

UIVETKO-STKKI.  PIPK. 

Riveted-steel  pipe  is  extensively  u.sed  in  southern  California  to  con- 
vey water  for  orchard  irrigation,  but  its  use  in  the  Bocky  Mountain 
States  ha8  been  confined  to  power  plants  and  domestic  water  supplies. 


72  CONVEYANCE   OF   WATER   FOR   IRRIGATION.  [no.4S. 

It  is  well  adapted  to  high  heads,  and  irrigators  who  desire  to  conduct 
water  across  deep  gulches  would  do  well  to  write  to  the  makers  of  this 
kind  of  pipe  for  prices.  The  principal  manufac^turei-s  of  riveted-steel 
pipe  on  the  Pacific  coast  are  the  Union  Iron  Works  and  Francis  Smith 
&  Company,  of  San  Francisco,  and  the  Lacy  Manufacturing  Company 
and  J.  D.  Hooker,  of  Los  Angeles.  The  writer  has  also  obtained  prices 
at  various  times  from  the  CaiToU-Porter  Boiler  and  Tank  Company,  of 
Pittsburg,  Pennsylvania. 

Riveted-steel  pipe  ranges  in  size  from  3  inches  to  72  inches  internal 
diameter.  The  smaller  sizes  are  made  into  lengths  of  25  feet  or  more 
at  the  shops  and  are  thoroughly  coated  with  asphaltum.  The  larger 
sizes  are  usually  made  in  temporary  shops  erected  near  the  site  where 
the  pipe  is  to  be  laid. 

The  following  extracts  from  general  specifications  furnished  by  the 
secretary  of  the  Carroll- Porter  Boiler  and  Tank  Company  will  give 
the  reader  some  idea  of  the  manner  of  making  this  kind  of  pipe: 

Requirements  far  steel  pkUen. — The  steel  shall  be  of  the  class  termed  "soft"  and  shall 
l>e  made  by  the  basic  or  acid  open  hearth  process.  If  by  the  basic  open  hearth  pro- 
cess it  shall  contain  not  more  than  .04  of  phosphorus  and  .04  of  sulphur.  If  acid 
it  shall  contain  not  over  .08  of  phosphorus  and  .05  sulphur. 

The  amount  of  manganese  and  carbon  to  be  in  such  quantities  as  shall  produce  the 
best  results. 

Chemi(»l  analysis  of  each  **heaf  or  "melt**  shall  be  matie  by  the  Engineer  or 
his  representative,  and  properly  certified  copies  of  the  final  analysis  of  the  material 
sliall  be  furnished  to  the  Engineer  as  the  work  progresses. 

Physical  tests  to  determine  the  tensile  strength,  elastic  limit,  elongation,  softness, 
and  ductility  of  the  material  of  each  "heat '*  or  ** melt" shall  also  be  made  by  expe- 
rienced Inspectors  whose  services  may  be  satisfactory  to  the  Engineer.  For  the 
purpose  of  identification  the  *' heata  "  or  "melts"  shall  be  numbered  consecutively, 
and  the  corresponding  number  stamped  upon  each  plate  or  sheet  produced  there- 
from.. The  test  8i)ecimen8  shall  in  all  cases  be  taken  from  the  shearings  of  such 
plates  pro<luceil  from  each  "heat"  or  "melt"  as  is  thought  necessary,  and  such  sheets 
or  plates  to  be  selei^ted  at  random  by  said  Inspector  or  Engineer,  and  properly  "cer- 
tified copies  of  the  retrord  of  such  test  shall  be  furnishe<l  the  Engineer  as  the  work 
progresses. 

Tensile  test  specimens  to  Ije  eight  (8)  inches  long  and  one  and  one  half  (IJ)  inches 
wide  between  measuring  points.  Tensile  strength  is  to  l)e  between  the  limits  of  fifty 
two  thousand  (52,000)  and  sixty  two  thousand  (62,000)  pounds  per  square  inch. 
Elastic  limit  to  be  not  less  than  one  half  the  tensile  strength  required.  For  plates 
three  eighths  (j)  inch  thick  or  more,  the  elongation  to  be  not  less  than  twenty-five 
(25)  per  cent.  For  plates  thinner  than  three  eighths  (|)  inch,  elongation  to  l)e  not 
less  than  twenty-two  and  one  half  (2j2i)  per  cent. 

Bending  test  spe<nmens  cut  lengthwise  or  crosswise  from  the  sheet  to  be  six  (6) 
inches  long  and  one  (1)  inch  wide,  to  be  bent  one  lumdred  and  eighty  (180)  degrees 
upon  itself  when  cold,  and  liammereil  down  flat  without  sign  of  fracture  on  the  out' 
side  of  the  bent  portion. 

The  plates  must  also  admit  of  cold  hammering  or  s(^rfing  to  a  fine  edge  at  the  laps 
without  cracking,  and  the  test  pieces  must  furthermore  withstand  such  quenching, 
forging,  and  other  tests  as  may  suffice  to  exhibit  fully  the  temper,  soundness  and  fit- 
ness for  use  of  the  material.    The  failure  of  said  test  specimens,  when  taken  at  ran- 
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dom  80  aforesaid  from  the  finished  product  of  any  *'heaf  or  **  melt/'  to  conform  to 
the  above  requirements  will  be  sufficient  cause  for  the  rejection  of  the  entire  product 
of  such  ** heats*'  or  "melts." 

The  plates  shall  be  free  from  lamination  and  surface  defects  and  be  fully  up  to  the 
ijequired  gauge  for  thickness  on  the  edges.  Any  plate  whose  thickness  at  any  point 
may  be  found  less  than  ninety-five  (95)  per  cent  of  the  required  thickness  shall  be 
rejected  without  appeal;  furthermore,  at  least  ninety  (90)  percent  of  the  plates  must 
be  of  the  full  required  thickness  at  all  points.  Said  plates  shall  be  rolled  as  fiat  and 
sheared  as  accurately  as  good  mill  practice  will  permit,  but  in  no  case  shall  they  be 
scant  of  the  prescribed  or  intended  dimensions,  and  must  be  in  all  respects  of  a  good 
merchantable  condition.  The  Engineer  shall  have  the  right  at  all  times  to  inspect 
the  manufacture  and  testing  of  any  and  all  plates  and  shall  have,  if  so  required,  one 
fourth  (i)  of  the  number  of  test  pieces  to  be  prepared  as  above,  to  test  or  to  have 
tested  under  his  own  supervision. 

It  is  further  understood  and  agreed  that  any  plate  that  shows  any  defects  during 
the  process  of  punching,  bending,  and  riveting  for  manufacturing  into  pipes  shall  be 
rejected,  notwithstanding  that  the  same  may  previously  have  been  satisfactorily 
tested. 

Requirements  for  Meel  rivets. — Rivet  steel  shall  be  soft  and  have  a  tensile  strength 
between  the  limits  of  fifty  thousand  (50,000)  and  fifty  eight  thousand  (58,000)  pounds 
per  square  inch,  with  an  elastic  limit  of  not  less  than  thirty  thousand  (30,000)  pounds 
per  square  inch,  and  with  an  elongation  of  not  less  than  twenty-eight  (28)  per  cent, 
in  a  test  bar  eight  inches  long  between  measuring  points  and  full  diameter  of  rivet, 
and  with  a  reduction  of  cross  sectional  area  at  the  point  of  fracture  of  not  less  than 
fifty  (50)  per  cent  The  material  shall  also  be  of  such  quality  as  will  stand  bending 
double  and  fiat  before  and  after  heating  to  a  light  yellow  heat,  and  quenching  in  cold 
water,  without  sign  of  fracture  on  the  convex  surface  of  the  bend.  All  steel  rivets 
not  conforming  to  the  above  requirements  will  be  rejected. 

Manufdciure  of  pipe. — The  sheets  or  plates  must  be  of  such  dimensions  as  to  admit 
of  being  rolled  into  true  cylinders  not  less  than  five  (5)  feet  in  length  and  of  the 
required  internal  diameter  with  ample  allowance  for  the  necessary  overlap  at  the 
dngle  longitudinal  seam  of  eat^h  such  cylinder.  The  pipe  shall  be  made  telescopic 
and  the  plates  when  formed  shall  be  a  cylinder  whose  external  diameter  at  one  end 
phall  be  equal  to  its  internal  diameter  at  the  other  end  and  forming  a  tight  fit  with 
each  other  before  any  protective  coating  is  apj^lied  to  the  material. 

The  edges  of  each  plate  must  be  properly  l)evekHl  for  calking  all  around;  and  at 
the  end  of  each  course,  where  the  lap  of  the  longitudinal  seam  occurs,  tlie  plate  must 
be  redu(«d  by  cold  hammering  or  planinjr,  or  both,  to  a  tine  edge,  through  which 
one  of  the  rivets  of  the  round  seam  must  Ik'  driven  to  insure  tiglitness.  In  addition 
to  this  rivet,  still  another  rivet  must  he  driven  througli  the  three  thicknesses  of  plate 
at  such  joints.  Each  plate  must  he  roiicnl  to  a  |H»rfcct  <*yiinder  of  the  retjuired 
diameter. 

All  rivet  holes  must  Ix?  space<l  with  pre<*isi()n.  In  punching  said  holes  the  best  and 
sharpest  dies  and  punches  are  to  be  used.  The  holes  must  all  coincide  to  within  one 
thirty-second  (^,)  of  an  inch;  otherwise  they  are  to  be  enlarged  by  a  sharp  reamer 
or  drill.  No  drift  pins  shall  Ik»  used  in  forcinj;  rivet  holes  to  coincide  at  any  seam  or 
lap;  and  all  plates  in  which  the  said  holes  cannot  be  made  to  receive  a  rivet  of  the 
specified  diameter,  with  such  slight  drifting  or  reaming  as  will  not,  in  the  opinion  of 
the  Inspector,  reduce  the  strength  of  the  plates,  will  be  rejectetl. 

All  riveting  in  the  shop  must  be  done  with  hot  steel  rivets  and  by  steam,  com- 
pressed air,  or  hydraulic  machinery  exerting  a  slow  pressure  and  retaining  it  suffi- 
ciently to  perfectly  form  the  rivet  heads  before  the  metal  loses  its  red  color.  All 
rivets  when  driven  must  fit  the  holes  completely.  Care  must  in  all  cases  be  taken 
to  have  the  rivets  of  the  right  heat  to  produce  the  best  and  most  solid  work,  and  any 
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rivet  that  may  at  any  time  or  place  be  found  defective  or  appear  to  have  been  over- 
heated, shall  be  cut  out  and  replaced  at  the  Contractor's  expense  by  one  which  is 
sound  in  all  respects.  All  rivet  heads  must  be  perfect  in  form  and  truly  concentric 
with  the  shank  or  shaft. 

All  circular  seams  may  be  single  riveted  but  all  longitudinal  seams  on  the  straight 
pipe  shall  be  double  riveted.    The  proportions  to  be  used  in  laying  out  and  making 
the  riveted  joints  or  seams  shall  in  general  be  as  follows,  all  figures  being  in  inche:5. 
******  * 

The  dimensions  given  in  the  foregoing  table  are  to  be  regarded  as  approximate,  and 
subject  to  modification  before  the  material  for  the  pipe  is  definitely  ordered  by  the 
Contractor;  and  any  modification  proposed  by  said  Contractor  shall  be  subject  in 
detail  to  the  approval  of  the  Engineer  before  being  carried  into  effect. 

The  pipe  is  to  be  manufactured  in  lengths  of  four  or  more  courses  each,  and  so  laid 
that  all  longitudinal  seams  will  at  all  times  be  on  top  and  within  a  foot  of  the  center 
line  of  the  pipe. 

Where  angles  or  curves  occur  in  either  the  alignment  or  the  grade  of  the  conduit, 
the  plates  must  be  cut  and  punched  to  the  required  lines  for  forming  a  small  oblique 
angle  at  the  round  seams  of  as  many  courses  as  may  be  needed  to  pro<lucc  the  given 
total  deflection  or  curvature  in  each  locality,  and  the  courses  must  be  put  together 
with  the  straight  seams  alternating  as  aforesaid.  Where  greater  angles  and  special 
pieces  are  necessary  they  shall  be  made  as  ordered  by  the  Engineer. 

All  rivet  seams  and  joints  of  every  description  shall  be  thoroughly  calked  both  on 
the  inside  and  outside  in  the  best  and  most  workmanlike  manner  for  first  class  boiler 
work,  while  |or  the  necessary  distance  from  all  laps  the  seams  shall  be  both  chipped 
and  calked. 

Testing. — During  its  manufacture,  sample  lengths  of  pipe  to  be  selected  by  the 
Inspector  as  frequently  as  he  may  deem  necessary,  shall  be  tested  after  coating,  under 
a  water  pressure  equal  to  one  and  one  half .(!})  times  the  maximum  hydrostatic 
head  for  which  it  is  designed,  and  shall  be  tight  under  that  pressure.  All  such  tests 
will  be  made  at  the  Contractor's  expense,  and  he  shall  furnish  all  the  necessary 
appliances  and  labor  for  their  performance  to  the  Inspector's  satisfaction. 

Coating. — When  the  pipes  are  finished,  they  are  to  be  thoroughly  coated  by  dii>- 
ping  in  a  bath  of  refined  asphaltum,  as  follows:  Each  length  of  pipe  must  \ye 
thoroughly  clean  inside  and  outside,  free  from  dust,  earth  or  sand,  and  without 
rust  upon  any  part  of  it.  Any  rust  that  may  have  formed  must  be  removed  by 
brushing  and  scrubbing  with  a  wire  brush  and  diluted  acid,  followed  by  mopping 
or  brushing  with  milk  of  lime,  or  a  saturated  solution  of  soda,  to  remove  the  acid, 
until  all  the  nist  and  acid  shall  have  been  removed.  All  alkali  used  shall  l>e 
washed  off  and  the  surface  dried. 

The  pipes  are  then  to  be  heated,  after  which  they  are  to  be  dipped  in  the  bath  of 
coating  material.  The  coating  shall  consist  of  the  best  quality  of  California  or 
Trinidad  refined  asphalt,  such  as  is  used  for  pipe  coating  purposes.  The  coatinj^: 
must  be  durable,  smooth,  glossy,  hard,  tough,  perfectly  water-proof,  not  affected  by 
any  salts  or  acids  found  in  the  soil,  strongly  adhesive  to  the  metal  under  all  circum- 
stances, and  with  no  tendency  to  become  soft  enough  to  flow  when  exposed  to  the 
sun  in  summer,  or  to  become  so  brittle  as  to  scale  off  in  winter. 

After  having  been  prepared  as  aforesaid,  the  coating  composition  shall  be  plactMl 
in  a  vertical  tank  and  carefully  heated  to  a  temperature  of  about  three  hundRxl 
(300)  degrees  F.,  or  such  other  t^jmperature  as  may  hereafter  be  found  best  adapttnl 
for  the  purpose,  and  kept  at  this  temperature  during  the  whole  time  of  dipping. 

Fresh  materials  must  be  added  to  the  aforesaid  bath  from  time  to  time  in  tho 
right  proportion  to  keep  the  mixture  of  the  proper  consistency.  Such  proportions 
may  also  be  varied  according  to  the  season  of  the  year,  as  will  be  directed  by  the 
Engineer  or  found  necessary  to  produce  a  coating  of  the  required  quality. 
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CAST-IRON  PIPE. 

HISTORY. 

According  to  Mr.  JesHe  Grarrett,*  the  first  c*a8t-iron  pipe  was  used 
for  the  water  service  of  Versailles,  France,  in  1685.  The  first  iron 
pipe  was  laid  in  London  in  1746,  and  in  1835  the  various  water  systems 
of  that  metropolis  included  more  than  I,(KH)  miles  of  that  kind  of  pip<'. 

During  the  early  part  of  this  century  Janice  Watt  laid  cast-iron 
pipes  with  flexible  joints  across  the  River  Clyde,  to  cx>nvey  water  to 
Glasgow.  These  pipes  had  ball  and  socket  joints,  were  1>  feet  lon^r, 
and  from  15  inches  to  36  inches  in  diametc^r. 

The  first  cast-iron  pipes  used  by  the  vity  of  Philadelphia  w(m-4*. 
molded  by  Mark  Adams  from  designs  prepared  by  Frederic  Cirraff,  >r., 
the  engineer  of  the  Philadelphia  waterworks.  The.se  pipes  were  ca*it» 
direct  from  melted  native  bog  ore.  The  pipe  molds  were  i)laced  in  ii 
nearly  horizontal  position  and  sufficiently  low  to  tap  the  flow  from  thi^ 
furnace,  the  excess  of  each  pouring  being  run  into  pigs. 

Fanning  states*  that  the  earliest  pipes  had  joints  with  a  packing 
ring  of  leather.  These  were  2i  feet  in  length.  Then  followed  some- 
what longer  pipes,  with  screw  joints,  which,  however,  were  not  satis- 
factory, the  rigid  joints  preventing  free  contraction  in  winter  and 
expansion  in  summer.  For  screw  joints  there  were  soon  substituted 
slightly  tapering  cylindrical  socket  joints,  in  which  both  hub  and 
spigot  ends  were  accurately  dressed  on  a  lathe.  In  forming  the  joint* 
a  heavy  lubricant,  like  tallow,  was  first  spread  over  the  dressed 
surface,  after  which  each  spigot  end  was  driven  into  its  socket.  This 
kind  of  joint  is  still  used  for  water  and  gas  pipes  in  parts  of  Greut 
Britain  and  Canada. 

The  bell  and  spigot  joint  so  common  at  the  present  time  was  first 
adapted  to  wood  instead  of  lead  packing.  Dry  pine,  dressed  in  the 
form  of  a  stave  to  suit  the  diameter  of  the  pipe  to  be  calked  and  about 
3  inches  in  width,  was  cut  into  lengths  a  trifle  longer  than  th(>  depth  of 
the  socket.  From  four  to  eight  of  these  pine  wedges,  which  tapeivd 
slightly,  were  entered  at  the  top,  bottom,  and  middle  of  the  joint  and 
driven  home  together.  The  remaining  annular  spaces  were  filled  l)y 
other  wedges  somewhat  wider  than  the  spaces.' 

MANUFACTURE.* 

The  first  process  in  the  manufacture  of  cast-iron  pipe  consists  in 
making  the  core,  which  is  formed  on  a  cylindrical  iron  spindle.     The 

>The  Early  HLMtorj'  «>f  ('a>«t-In)n  PijH',  by  Jos«o  Garrett;  Read  Ixjfore  the  New  Entfland  Waterworks 
Aaociation  in  1896. 

s  Hydraulic  Engineering  and  Manual  for  Water  Supply  EngrineerM,  p.  458. 

*  For  description  of  pine  packing  in  caat-iron  pipes  nee  paper  by  F.  A.  Creighton  in  Trans.  Can.  mk*. 
ClT.  Engri,  Vol.  VIII,  Ft.  I,  p.  146. 

*Tho  writer  is  indebted  to  Mr.  W.  F.  McCue,  of  the  Colorado  Fuel  and  Iron  Company,  for  much  of 
the  information  contained  in  this  dcncription. 
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fiffittdUt  if  firH  wnkppfiii  with  ntM^:b'iWf-mMde  hmv  rope,  and  around  the 
r*/fi^  U^t$\rnrM  i'hty  U  firmly  parked.  After  this  coating  is  dried  a 
*K'^'//fi4  ^'/i«U  ji»  fnjt  ^ffi,  Tb^-n  the  ^^pindle  L?  revolved  in  its  bearings  and 
a  tiiird  ^5^«i,  i'jfnmMinf^  of  biacrking  made  from  coal  dost,  is  addei 
Afi^  ihm  liu^i  i'jtmi  ban  been  applied  tbe  core  Is  triimned  to  exact 
ilitiif.twiottn  arKJ  Im  then  pku.'ed  in  a  drying  oven. 

'Hm?  u*',xi  Ht4*if  in  tbe  prrx5<*»H  ii*  to  center  a  cylindrical  iron  pattern 
iiiMidi',  of  tbe  flnnk  in  wbicb  tbe  mold  in  formed.     Tbe  oatside  diam- 
pAd'f  of  lUtH  [lattiern  in  tbe  inside  diameter  of  tbe  pipe  to  be  made. 
Hfind  and  a  Mrnall  fx>rtion  of  clay  nligbtly  tempered  are  firmly  rammed 
around  tbe  [mtti^rn,  mpnH  to  form  tbe  mold.     Tbe  flask  is  tben  ready 
for  tbe  drying  fmn.     Wben  tbe  several  parts  are  suflSciently  dried  they 
art',  taken  from  tbe  oven  and  placed  in  the  casting  pit.     Tbe  core  is 
pliM'ed  in  the,  molds  and  is  a<^curately  centered  in  the  bevel  at  the 
\H)lUfm  and  U)  tbe  fH»ad  ring  at  the  top  in  order  to  insure  tbe  desired 
dirnenHJons  of  pipc^.     The  molten  metal  is  taken  from  the  cupola  in  a 
liMJIe  Hwutig  from  a  crane  and  is  poured  into  the  molds  around  the 
core.     The  int^*nse  heat  from  tbe  metal  causes  the  hay  rope  on  the 
Npirtdle  to  burn,  leaving  the  spindle  loose  and  capable  of  being  easily 
withdrawn.     Ah  soon  as  tbe  metal  has  become  sufficiently  cooled  the 
pipe  \h  lifted  frcmi  the  flask,  taken  outside  of  the  building  and  placed 
upon  HJiidH,  where  it  is  thoroughly  cleaned  and  prepared  for  tbe  coat- 
in^^     After  lM»ing  cleaned  it  is  placed  on  a  car,  run  into  an  oven,  and 
liniled  to  a  t<»in|Miriiture  of  300^^  F.     It  is  then  removed  from  tbe  oven 
and  iniUHM'sed  in  a  hith  of  coal  pitch  and  varnish,  which  is  maintained 
tit  It  teniptMniture  of  about  210  \     After  the  coating  has  dried  tbe  pipe 
|m  NMMpfhiHl  and  the  weight  is  marked  with  white-lead  paint  on  the  inside 
of  tlio  i>ell  <Mul.     It  is  then  subjected  to  a  hydrostatic  test,  tbe  pressure 
varying*  from  liM)  to  8(H>  ]:K>unds  i>er  square  inch,  according  to  the 
tlurkness  of  the  shell  and  the  size  of  tae  pipe,  and  while  under  this 
prt*>*sure  it  is  subjected  to  an  additional  test,  consisting  of  a  series  of 
i»loNvs  iwMw  a  8-|H>uud  hammer  attached  to  a  handle  lt>  inches  long,  the 
blows  JHMng  appUiHl  by  hand  at  various  jx^ints  throughout  the  length 
oi  I  be  pi|H\ 

l>IMKNSlONS   AND   WEIGHTS. 

A  few  \  t\»ir*  a^^  a  i\>mnutleo  was  appi^intod  by  the  American  Water 
Works  Av-i^viation  to  dnift  suitable  specifications  for  staandani  cast- 
it\M\  »ator  pifv.  Mr,  S.  R  RussolK  who  was  chaimum  of  the  com- 
mit Uh\  rxwmuuonvUvl '  thnv  weights  for  eav*h  size  of  pipe,  to  he  de?ig- 
n;itt\l  A.  K  5ind  l\  The  weigbt  of  class  B  was  determined  from  the 
aNe^^^>  >\oiirht  of  the  p^jv  used  in  a  Ur^  number  of  J 
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s;  class  A  was  10  per  cent  lighter  than  class  B,  and  class  C  wa» 
nt  heavier  than  class  B.  The  following  table  embodies  the 
ndations  of  the  committee  regarding  the  outside  diameter, 
ge  thickness,  and  the  weight  of  each  1,000  feet  of  each  size 
.  To  determine  the  weight  per  lineal  foot,  including  l)oU 
spigots,  the  weights  given  should  \wi  divided  by  1  .(XM). 

and  ineighU  of  ntstriron  nxiter  pijM'  tulopU'd    fnj   Amrrivnn    }\\iU'r  Worka 

AiHiOiiaiion  in  189(). 


size  (internal  diameter). 


h 
h 
h 
•h 
•li 
•h 

•h 


Claw. 


I 


A 
B 
C 
A 
B 
C 
A 
B 
(• 


Outfiide 
diameter. 


Inchftt. 
3.' 856 


4.tK)4 


-.000 


[I:. 


\{ 


C 
A 
B 


9.094 


! 


11.190 


Average 
thickncm 
of  trairrel. 


Inche*. 


0.452 
0.566 
6.547 
6.'595' 


[A. .J 

B..J     13.286  0.(i48 

(^ 

A  . 


B... 


A  .. 
B.. 
V  .. 
A  .. 
B.. 

(; .. 

A  .. 
B.. 
C. 
A.. 
B.. 
C. 
A.. 


17.476  0.7:^ 


25.  856 
32.142 


0.  928 

*"i."67i 

3vS.'428'"  "'"i.'iiu' 

I 

hi'm)'  ''I'hoo' 


Weight  IK.T 
1,000  feet.a 


Pound*. 
14,0(>0 
15,  580 
17, 170 
19,  170 
21,330 
23, 500 
31,  3:^0 
34,8:^0 
:^,  330 
44,  750 
49,  750 
54, 750 
60,570 
ti7, 330 
74,080 
78,  250 
86,920 
95, 580 
119,170 
132,420 
145,580 

1^5,  aso 

183,750 
202,  080 
220,  750 
245, 250 
269,  750 
316,250 
:i5 1,420 
386, 580 
428,  750 
476, 420 
524, 080 
710,  670 
789, 670 
868, 670 


a  Including  Iwll  ends  and  H[>iK<>t.v. 

[lowing  table  gives  the  dinKULsions  and  weight^  per  lineal  foot 
rious  sizes  of  ca.st-iron  w^ater  pipe  made  by  the  Colorado  Fuel 
Company,  of  Pueblo,  Colorado.  The  thickness  of  each  shell 
ited  to  withstand  a  hydrostatic  pressure  of  125  pounds  per 
ch. 
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Dimensions  and  v^ghts  of  cast^ron  under  pipe  made  by  the  Colorado  Fuel  and  Iron 

Company. 


Sijse 

Weight 
per  foot. 

Inside  diam- 

(interaal 

eter  of  bell 

diameter). 

at  face. 

Pound*. 

Inchn. 

3-mch . 

15 

4J 

4-inch . 

22 

H 

6-iiich . 

32 

7* 

8-inch . 

42 

9| 

10-inch  - 

62 

Hi 

12-inch. 

75 

13} 

16-inch . 

125 

18 

20-inch . 

185 

221 

Outside 
diameter  of 
bell  at  face. 


Jncht*. 


8t 

m 

i3i 

15 
17| 
22 
26 


Outside 

diameter  at 

spigot. 


Inches. 
4f 

H 
7J 
9} 
11: 
13 

i7i 

22 


Thickness 
of  shell. 


Inch. 


r{ 


fi 


TESTING    AND   IN8PKCTING. 

The  defects  common  to  cast-iron  pipe  are  chiefly  due  either  to  the 
use  of  poor  material  or  to  bad  workmanship.  The  essential  elements 
in  cAst  iron  are  metallic  iron  and  a  low  percentage  of  carbon.  Its 
quality  depends  to  a  large  extent  on  the  amount  of  impurities  it  con- 
tains. The  presence  of  sulphur  produces  a  hard,  weat,  and  brittle 
metal.  W.  F.  Keep  states*  that  good  foundry  iron  should  contain  not 
more  than  0.15  per  cent  of  sulphur  nor  more  than  0.55  per  cent  of 
phosphorus.  From  2  to  5  per  cent  of  phosphorus  produces  a  brittle 
metal.  The  same  writer  adds  that  the  addition  of  a  small  amount  of 
silicon  eliminates  blowholes  and  produces  sound  castings,  but  that  an 
excess  of  silicon  increases  the  shrinkage  and  hardness. 

The  quality  of  the  material  can  best  be  determined  by  testing  sam- 
ples. Samples  for  the  beam  or  tranverse  test  are  usually  2  inches 
wide,  1  inch  deep,  and  24  inches  between  supports.  Such  a  bar  should 
support  a  weight  of  2,000  pounds  at  the  centx^r  and  bend  at  least  one- 
fourth  inch  before  breaking. 

The  tenacity  of  the  metal  is  commonly  found  by  testing  small  speci- 
mens having  cylindrical  centers  and  enlarged  ends.  The  specimen  is 
first  dressed  to  a  known  area  (1  square  inch)  at  the  middle  section,  and 
is  then  placed  in  the  grip  blocks  and  pulled  until  broken.  An  average 
^rade  of  iron  suitable  for  water  pipe  should  withstand  a  strain  of 
20,000  pounds  per  square  inch  before  breaking. 

A  common  error  in  the  manufacture  of  cast-iron  pipe  is  to  remove 
the  pipe  from  the  flasks  before  it  is  properly  cooled.  Unequal  cooling 
has  been  known  to  reduce  the  strength  of  small  test  samples  10  per 
cent.  Besides,  these  cooling  strains  are  very  diflScult  to  detect.  It 
not  infrequently  happens  that  a  pipe  which  has  been  tested  in  the 
proving  press  to  300  pounds  per  square  inch  fails  when  laid  in  the 
ground  and  subjected  to  bending  stresses  and  water  ram.  J.  Nelson 
Tubbs,  formerly  chief  engineer  of  the  Rochester  waterworks,  made 
use  of  a  steel  pick  weighing  about  3  pounds  to  test  pipes  for  internal 
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racks  caused  by  unequal  cooling,  honeycombed  shells,  and  other 
efects. 

The  pressure  test  consists  in  placing  each  length  of  straight  pipe  in 
proving  press  and  increasing  the  water  pressure  to  300  pounds  per 
quare  inch.  While  the  pipe  is  under  pressure  it  is  struck  at  different 
laces  throughout  its  entire  length  by  a  3-pound  hammer  attached  to 
handle  16  inches  long. 

Another  defect,  caused  by  careless  molding,  is  unequal  thickness 
3  the  shell  of  the  pipe.  Heavy-sided  pipes  can  usually  be  detected 
y  placing  them  on  horizontal  skids.  If  any  doubt  exists  as  to  the 
niform  thickness  of  the  shell,  the  pipe  should  be  set  aside  and  care- 
ally  calipered.  A  difference  of  10  per  cent  in  the  thickness  of  the 
>lpe  at  different  points  should  warrant  its  rejection.  The  real  test, 
owever,  comes  after  the  pipe  has  been  laid  and  connected.  The 
rhole  system  should  then  be  subjected  to  a  pressure  somewhat  in 
xcess  of  any  it  will  likely  be  called  upon  to  withstand,  and  this 
ressure  should  be  increased  rapidly  and  shut  off  quickly,  in  order 
bat  the  pipe  may  be  tested  for  the  extra  strain  due  to  pressure  sud- 
enly  raised  and  lowered. 

LAYIN(;. 

It  is  best  to  lay  the  outlet  pipes  of  stoi-age  reservoirs  in  the  natural 
)il,  on  stable,  uniform  beds,  with  wing  walls  of  cement  near  the 
pper  end  and  neai*  the  center,  to  prevent  the  passage  of  water  along 
le  outside  of  the  pipe. 

If  it  is  necessary  to  lay  the  outlet  pipe  in  made  ground,  a  parabolic 
trve  with  the  inner  end  at  the  vertex  is  perhaps  the  best,  as  the 
ched  form  increases  the  strength  of  the  pipe  and  the  subsidence  of 
e  embankment  will  tend  to  tighten  the  joints. 

Pipe  lines  should  be  accurately  located,  either  by  transit  lines  or  by 
sasurements  from  permanent  objects.  The  location  of  all  fittings, 
Ives,  h^'drants,  etc.,  should  also  be  .shown  on  the  maps.     The  depth 

the  trench  depends,  as  a  rule,  on  the  amount  of  frost.  In  Lead^nlle, 
>lorado,  water  pipes  have  frozen  at  a  depth  of  6  feet,  while  in  Cali- 
mia  a  covering  of  18  inches  is  ample. 

The  pipe  should  be  inspected  while  it  is  being  removed  from  the 
rs,  the  weight  of  each  length  being  noted,  and  then  distributed  along 
e  trench  line,  with  the  bell  ends  forward.  After  the  bottom  of  the 
ench  has  been  reduced  to  a  uniform  grade,  a  hole  should  be  dug  at 
e  place  for  each  joint,  for  the  reception  of  the  bell  end,  and  the  pipe 
ould  be  lowered  into  the  trench,  by  means  of  derricks  or  chain  falls, 
id  calked.  The  practice  of  leading  several  lengths  of  pipe  on  the 
jik  and  lowering  two  or  three  lengths  at  a  time  into  the  trench  is  not 

be  encouraged,  because  the  jointe  are  often  sprung  in  lowering  and 
acing.  In  leading,  a  part  of  the  vacant  space  in  each  bell  surround- 
g  the  spigot  is  first  filled  with  yarn  or  oakum,  inserted  by  the  use  of 
yarning  tool;  the  remaining  space  is  filled  w\t\i\e«A%.TvdL>i)siOTQ>\'^^ 


so 
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calked.  Nmrrow-edged  cmlkii^  Ufol»  are  fii^  used,  to  compact  the 
metal  at  the  inner  edge  of  the  lead  ^pace:  these  are  followed  by  tools 
that  nearlr  fill  the  jount. 

In  back  filling  the  tren<^  the  earth  should  be  carefoIlT  tamped  beneath 
and  at  the  sides  of  the  pipe  until  it  is  about  two-thirds  covered.  Earth 
bridges  can  then  be  made,  to  prevent  flotation,  and  the  trench  partially 
filled  with  water,  after  which  the  remainder  of  the  earth  can  be  filled 
in  without  tamping. 

In  American  practice  the  usual  form  of  joint  consists  of  a  spigot 
inserted  into  a  bell  or  socket  and  calked  with  vam  and  lead.  In  Great 
Britain,  however,  and  occasionaUv  on  the  Continent,  the  turned  and 
bored  joint  Ls  still  used.  In  this  form  of  joint  the  socket  L«  bored  to  a 
depth  of  4  or  more  inches,  the  spigot  end  is  turned  to  fit  the  sockets 
and  after  painting,  the  spigot  end  Ls  inserted  and  driven  into  the  drilled 
socrket.     Both  of  the  dressed  surfaces  are  slightly  conical. 

Owing  to  the  hemp  packing  and  the  softness  of  the  lead,  a  lead  joint 
h  much  less  rigid  than  a  turned  and  bored  joint,  and  conforms  more 
readily  to  uneven  grade  lines  and  to  expansion  and  contraction  pro- 
duced b^'  unequal  temperature.  On  the  other  hand,  lead  joints  are 
more  likely  to  leak  after  a  sudden  change  in  the  temperature.  Leaky 
joints  are  common  in  the  spring  of  the  year  when  the  frost  is  leaving 
the  ground.  Both  lead  and  cast  iron  contract  in  the  winter  and  the 
joints  remain  tight,  but  with  the  advent  of  spring  both  expand,  but 
in  unequal  ratios — cast  iron  expands  nearly  three  times  as  much  as 
lead — and  leaks  frequently  result. 

The  following  table  gives  the  approximate  cost  of  the  various  items 
in  laying  cast-iron  water  pipe.  The  amount  of  lead  required  for  a 
joint  depends  upon  the  size  and  shape  of  the  bell  and  spigot,  which 
vary  at  the  different  manufactories:  also  upon  the  degree  of  water 
tightness  desired.  In  the  sixth  column  of  the  table  is  given  the  co^it 
of  trenching  and  Imck  tilling  as  computed  by  Mr.  James  B.  Hopkins, 
who  was  for  vears  the  writer's  foreman. 

TafA/^  jfhoirififj  roJ^,  per  Unfnl  foot,  of  laying  tyiM-inm  \nitfT  pipf. 


,..       .  ,     Weight  of  filling,    '  ,,     ^ 

.Siz<i  (InU;r- !  per  joint.  Cot  of  lead 

'  and  oakmn. 


I  Mz<i  (inter- 

I    nal  diam-   I 


Oakum,    per  foot  of  pipe.. 


Coe«t  of  laying, 
per  foot. 


Cort  of  trench-    Total  cost,  f 
in^  and  hack      per  Hneal    1 
filling,  per  foot.         foot. 


4-inch . 

6-inch . 

S-inch . 
10-inch  . 
12-inch . 
14-inch . 
16-inch . 
l»-in<h . 
20-inch . 
24-inch. 
30-inch . 
Sd-'wch . 


7 

10 
13 
15 
IS 
22 
26 
32 
3« 
42 

so 


3 

o 

7 

9 

11 

13 

15 

16 

18 

20 

24 

-30 


$0.04 
0.06 
0.07 
0.09 
0.10 
0.12 
0.14 
0.17 
0.20 
0.23 
0.32 
0.43 


$0.02 
0.02 
0.03 

o.m 

0.(M 

0.(M 

0.(M5 

0.05 

0.06 

0.08 

0.16 

0.18 


$0.08 
0.08 
0.09 
0.09 
0.10 
0.10 
0.11 
0.12 
0.12 
0.14 
0.16 
0.20 


$0.14 
0.16 
0.19 
0.21 
0.24 
0.26 
0.29 
0.34 
0.38 
0.45 
0.64 
0.81 
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DURABILITY. 

There  is,  properly  speaking,  no  substitute  for  cast  iron  as  a  material 
for  water  mains.  Cast-iron  pipe  has  stood  the  test  of  a  century,  and 
is  now  universally  regarded  as  superior  to  all  other  pipes  for  the  con- 
Teyance  of  water.  Hydraulic  engineers  have  recommended  it  as  safe 
and  reliable,  and  private  and  municipal  corpoi'ations  have  purchased 
and  laid  millions  of  tons  in  the  various  waterworks  systems  of  the 
country.  It  is  true  that  substitutes  have  been  introduced  in  small 
cities  and  towns  of  the  West,  where  the  cost  of  transportation  is 
high,  and  while  some  of  these  substitutes  have  given  satisfaction  the 
majority  have  proved  partial  failures  at  least.  On  permanent  streets, 
beneath  reservoir  emimnkments,  and  wherever  durability  is  an  essen- 
tial element,  cast-iron  pipe  should  be  used.  For  waterworks  conduits 
which  may  soon  be  replaced  by  larger  ones,  and  for  irrigation  w^orks, 
there  are  other  kinds  of  piping  that  may  be  preferred. 

COST. 

In  the  Rocky  Mountain  States  the  price  of  cast-iron  pipe  has  decreased 
from  about  $42  a  ton  in  1888  to  about  $30  a  ton  in  1898. 

In  the  following  table  three  different  weights — light,  medium,  and 
heavy — are  included.  The  light-weight  pipe  should  safely  withstand 
a  static  pressure  of  120  pounds  per  square  inch  as  well  as  ordinary 
water  ram. 

Tafde  Hhowintj  mM,  per  Uiiral  foot,  of  coM-iron  pipe  at  ^iO  a  Urn. 


:  Size  (internal 
diameter). 


I 


LiKht-weight  pipe.       '     Medium-weight  pipe.  Heavy-weight  pipe. 


Weight  per 
Toot. 


3-inch  - 
4-inch . 
6-inch  - 
8-inch. 

10-ineh. 

12-inch. 

16-inch. 

20-inch. 

24-inch. 

30-inch . 

36-inch . 

48-inch. 


-I 


J\)unds. 

14 

19 

31 

45 

61 

78 

119 

165 

221 

316 

429 

711 


I*rice  per 
foot. 


$0.21 
0.29 
0.47 
0.  ()S 
0.93 
1.17 
1.69 
2.48 
3. 32 
4.74 
6.44 

10.67 


Weight  per      Price  per 
foot.        I        foot. 


Weight  per 
foot. 


Pnutvh. 
15 

21 

:i5 

50 
67 
87 
182 
184 
245 
351 
476 
790 


m).  23 
0.32 
0.  53 
0.  75 
1.01 
1.31 
l.i)8 
2.  76 
3.68 
5.27 
7.14 

11.85 


PouHih. 

17 
23 

:i8 

55 
74 
96 
146 
202 
270 
386 
524 
869 


Price  per 
foot. 


$0.  26 
0.35 
0.57 

0.  83 

1.  11 
1.44 
2.19 
3.03 
4.05 
5.79 
7.86 

13.04 


The  cost  of  laying  the  pipe  has  been  given  in  the  tiible  on  page  80. 
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Adam^  M.,  CMt-iron  pipes  molded  by 75 

Affleck's  mill  race,  Utah,  carrying  capacity 

of,  experiment  to  determine 29 

wction  of 28 

Allen,  C.  P.,  invention  of  stave  pipe  by 64-66 

Allen  rtave  pipe,  deaicription  of 64-(>6 

detailfl  of,  figure  showing 65 

Hteel  used  for  bands  of 68 

American  Water  Works  Aswciation,  dimen- 
sions and  weights  of  cast-iron  pipe 

recommended  by 76-77 

Anchor  ice,  dif^ciUHion  of 17-18 

formation  of.  method  of  preventing 18-19 

^pronji,  canal  and  flume  with  vertical,  sec- 
tion of 58 

flame  with  inclined,  plan  and  elevation 

of  end  of 57 

for  flumes,  descriptions  of 55-58 

*<Hittic  plants  in  canals,  dis<:a«(.sion  of. .  19-28,45 

drag  for  removal  of 22-23 

effect  of 45 

^*^d  lands,  extent  and  character  of 11 

irrigation  of 11 

^^«r  River  canal,  Utah,  branches  of,  sec- 
tions of 28,32,35,38 

branches  of,  vegetation  in 20-21 

carrj'ing  capacities  of  flumes  on,  exj>er- 

iments  to  determine 59, 59-60 

carrying  capacities  of  lateral>»of,  experi- 
ments to  determine 21,  'S4-^) 

(•arr>-ing  ciipncity  of,  cxpiTiment  to  de- 
termine         27 

swtions  of '2S 

tunnel  of,  view  of 20 

vlrwof ITi 

^ar  River  City  canal,  Ttah.  carrjMng  oa- 

pdcity  of,  experiment  to  determine  . .        27 

Miction  of 2>^ 

Been'.W.  I).,  aid  by 23 

Berms,  utility  of i:;-14,  i'^ 

feethel,  N.  W.,  and  Fortler,  S.,  cjuoted 70 

feitterroot   stock    farm.   Montana,    trestles 
used  on. dimensions  of  i»arti*  for,  tahle 

of M 

flumes  and  trestle^  u^ed  r>n .'>:i-r>l 

flumes  and  trestle«J  u*<e<l  on,  details  of. 

plate  showing .>l 

lumber  required  for  flumes  used  on. 

1  ist  o  f V, 

Brlgham,  Utah,  stave  pipe  at,  view  of 04 

Brigbam  City  canal,  Utah,  carryin«r  capac- 
ity of,  experiment  to  deit.Tinine 42 

section  of 43 
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Brlgham   City  Klectric   Light  Company's 
canal,  Utah,  carrying  capacity  of,  ex- 
periment to  determine 42 

Hcctiim  of 43 

California,  canals  In,  views  of 16, 24, 26, 62 

flumes  in,  views  of 5«),  62 

flumcH,  small  distributing,  used  in 54-iv) 

frost  depth  In 79 

redwood  stave  pipes  In,  views  of 66, 68 

riveted  steel  pipe,  use  of ,  in 71. 72 

Canada,  liored  logs,  use  of,  as  water  pipe  in .  Cui-M 
stave  pii>e  used  in  conduit  of  Toronto 

waterworks,  sei;tIon  of 64 

Canals,  anchor  ice  in,  method  of  preventing-18-19 

aquatic  plants  In 19-23, 45 

carrying  capacities  of,  exi)eriments  to 

determine 27-15 

cross  sections,  standard,  of 13-14 

drag  for  removing  vegetatiim  from 22-23 

embankment    on    low   side   of,  figure 

showing 13 

flow  of  water  In 23-26, 45 

grades,  profwr,  for 14-16 

hydniulic  elements  of  seirtlons  tested..      30, 

:«,  37, 39, 40. 42. 14 

in  earth,  velocity  proper  for 15 

locating,  methods  of 1 1-13 

on  level  ground,  half  section  of.  ligure 

.•ihowing 13 

operation  of.  in  winter 16-19 

silt  «lejM>sit  in.  section  showing 16 

silt  in,  methcxls  of  providing  for 12-13 

slope  of  water  viirfaee  of,  method  of  <le- 

tenniniiiK 26 

use<  of 16-17 

vegetation  in.  nietlMxi  of  preventing...  21-22 

vegetation,  n-nioval  <»f.  from 22-23,45 

velocities,  hitrh.  elT«i't  of,  on ir>-16 

velocity  in 14-16 

Carlson.  .Mr.,  cited 53 

Carroll- Porter  Boiler  and  Tank  (!o,.  rivet «'<1 

steel  y)ij)e  nia<le  by,  specifications  for.  72-74 
Cast-iron  j)ii>e.     Scr  Pipe. 
Central  farm   laterals,   I'tah.  carrying  ca- 
pacities   of.    exjjeriments    to    deter- 
mine    34-36, 39 

se(!tIons  of 35.  3h 

Chevenne.  Wvo..  stave  pi|>e,  durabilitv  of, 

at '. 70 

Coefllcients  of  ronjfhms**,  Flynn's 24-2.^ 

Fortier's 4 1-45 

Kutter's 24 
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Collie  and  City  canal,  Utah,  carrying  ca- 
pacity of,  experiments  to  determine. .       37 

sections  of 38 

Colorado,  canal  in,  cross  section  of 51 

flumes,  double-lined,  in 48 

North  Poudre  flume,  view  of 48 

Colorado  Fuel  and  Iron  Company,  east-iron 
pipe  made  by,  dimensions  and  weights 

of 78 

Corinne,  Utah,  carrying  capacity  of  flume 

near,  experiment  to  determine 59 

Corinne  canal,  Utah,  canying  capacity  of, 

experiment  to  determine '27-29 

carrying  capacity  of  lateral  of.  experi- 
ment to  determine 30 

lateral,  section  of 32 

■ectionaof 28 

vegetation  in 20-21 

Creighton,  F.  A.,  cited 75 

Current  meter,  measurements  by  weir  and. 

comparison  of 25-26 

Davis  and  Weber  County  Canal  Co.,  old 

fl  ume  of,  weir  of 48 

Denver,  Colo.,  vegetation  in  reservoir  at. . .       21 
Distributing  flumes,  types  of,  figures  show- 
ing   65,56 

Dolores  canal.  No.  2,  Colo.,  cross  section  of.       51 
Dougall,  W.  B.,  experiments  by,  to  deter- 
mine carrj'ing  capacities  of  semicir- 
cular flumes 62-63 

Drag,  rail  used  in  V-shaped,  section  of 22 

Dwelle  stave  pipe,  description  of 65-66 

details  of,  figure  showing 66 

Erosion,  method  of  protecting  canals  and 
flumes  from,  discussion  of,  and  figure 

showing 57-58 

Fanning,  J.  T.,  cited 76 

Flow  of  water  in  canals,  discussion  of 23-26 

experiments  to  determine 27-46 

Fortier's  conclusions  regarding 45 

Flume,  aprons  for 56-^ 

aprons  for,  vertical,  flgure  showing  —       58 
Flume  for  steep  hillsides,  description  of —  50-61 
details  of  construction  of,  flgure  show- 
ing        50 

Flume  on  piles,  cross  section  of 49 

methods  of  building 49 

Flume  on  trestle,  elevations  of  end  and  side .       66 

Flumes  on  trestles,  methods  of  building 49-50 

views  of 48, 50.  M,  56 

Flumes,  Sterling  semicircular,  advantagoH 

of,  over  rectangular 61 

Flumes,  wooden,  carrying  capacities  of  —  68-60 
carrying  capacities  of  rectangular,  ex- 
periments to  determine 59-60 

Colorado  double-lined 48 

framework  for 49-55 

hydraulic  elements  of  sections  tested  . .       60 
inclined  aprons  for,  plan  and  elevation 

showing 57 

lining  for 46-49 

protection  of  ends  of 55-58 

substitutes  for 46 

use  and  serviceability  of 45-46 

Flumes,  carrying  capacities  of  semicircular. 

experiments  to  determine 62-^ 
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Flumes,  details  of  construction  of  rectang- 
ular, figures  showing 

47, 49,50,51,52,55,56,57.5ft 

inventor  of  semicircular 61 

methods  of  constructing  semicircular, 

figures  showing 68 

rectangular,  views  of 48,50,M,tt 

semicircular,  views  of 60,ffi 

types  of  distributing,  figures  showing ..  55-66 

use  and  advantages  of  semicircular 6(M3 

Flynn,P.J..cited 2» 

coefficients  olt  roughness  established  by.  '24-2S 

work  of,  and  acknowledgments  to 24 

Fowler  Switch  canal,  Cal...  high  velocities, 

effect  of,  on,  plate  showing IS 

Frazil  ice.    See  Anchor  ice. 

Garrett,  Jesse,  cited 7^ 

Goshen.  Utah,  Sterling  semicircular  flmne 

at «l 

Grades  for  canal,  discussion  of 14-1^ 

Graff,  F.,  sr.,  method  of  molding  cast-iron 

pipe  designed  by 75 

(vreeley,  Colo.,  North  Poudre  flume  near, 

view  of "** 

Ground  ice.    See  Anchor  ice. 

Hall,  W.  H.,  semicircular  flumes  built  by .. 

Hedge  canal,  Mont.,  flume  of,  view  of 

Hopkins,  J.  B.,  cost  of  trenching  and  back- 
filling pipe  computed  by 

Htimphreys,  T.  H.,  aid  by 

Hydraulic  elements  of  canals  tested 

88,37,99.40,42, 

Hydraulic  elements  of  flumes  tested 

Hjmim  canal,  Utah,  carrying  capacities 
of  laterals  of,  experiments  to  deter- 
mine   40,40-1 

carrying  capacity  of,  experiment  to  de- 
termine   88-39, 

lateralsof,  sectionsof 4 

sections  of 38. 4 1— 

Ice,  weight  of 17^ 

Irrigation  canals.    See  Canals. 
Johnstown,  Pa.,  force  of  revolving  ctyrent 

during  flood  at IS 

Jones,  F.  A.,  flumes  designed  by 'i:^<4 

flumes  deslgne<l    by,    construction  of, 

plate  showing 51 

Keep.  W.  F.,  cited 78 

Kern  Valley  Power  Development  Works, 

flume  of,  view  of 56 

Kleinschmidt  canal,  Mont.,  description  of.  15-16 

silt  deposit  in,  figure  showing 16 

Kutter,  W.  R.,  coefficients  of  roughness  es- 
tablished by 24 

La  Plata  County,  Colo.,  cross  section   of 

canal  in 61 

Leadville,  Colo.,  frost  depth  at 79 

Lewiston  canal,  Utah-Idaho,  carryinir  ca- 
pacity of.  experiment  to  determine  . .       34 

section  of 35 

Ix>gan.  Utah,  Affleck's  mill  race  near,  car- 
rying capacity  of,  experiments  to  de- 
termine         29 

Affleck's  mill  race  near,  section  of 28 

carrying  capacity  of  canal  in  Temple 
grounds  at,  experiment  to  deteimine      42 
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Pa«re. 
teh,  lateral  in  Temple  grounds  at, 

km  of 48 

id  Benson- Ward  canal,  Utah,  car- 
\g  capacity  of,  experiment  to  de- 

ilne 40 

n  of 41 

d  Hjde  Park  canal,  Utah,  carr}*- 
capacity  of,  experiment  to  deter- 

e 81 

1  of,  carrying  capacity  of.experl- 

ittodetomine 40 

1  of ,  grade,  etc,  of 16 

1  of ,  section  of 41 

a  of 82 

d  Richmond  canal,  Utah,  carrying 
kcity  of,  experiment  to  determine.  81-38 

n  of 82 

y  canal,Utah,  carry  ing  capacity  of , 

ral  of,  experiment  to  determine . .       81 

Q  of 82 

yde  Park,  and  Smithfleld  canal, 
h,  carrying  capacity  of.  experi- 

its  to  determine 29-80,83 

nsof 28,82 

yde  Park,  and  Thatcher  canal, 

ti,  aquatic  plants  in 20 

ng  capacity  of,  experiment  to 

rmine 37 

Qof 88 

'.F.,  cited 76 

T.  J.,cited 64 

reek  canal,  Mont,  grade  exces- 

in,  injurious  effects  of 16 

ind  Providence  canal,  Utah,  car- 
g  capacity  of,  experiment  to  de- 

line 81 

lof 82 

flume  lining  used  in 45-48 

i  and  trestles  on  Bltterroot  stock 

I  in ri3-r>4 

iln,  views  of WSi 

ition  in  canalK,  absence  of,  in '11 

i,M.,  and  Rhi'ad,  J.  L.,  drag  de- 
ed by 22-23 

bo  Irrigation  Co.,  Sterling  semicir- 

r  flume  of 61 

and,  stave  pipe  in.  early  xvm  of. . .  (i3-64 

.  H.,  letter  of  traiiHraittal  by 9 

aona,Ca1., cement-lined  ditch  at, 

r  of '*6 

idre  flume,  Colo.,  view  of 48 

ah,stave  pipe  in  une  at.descrip- 

of 66 

pipe  in  use  at,  durability  of 70 

pipe  in  use  at,  figure  showing (i? 

ition  in  reservoir  at '21 

D.,  acknowledgments  to 70 

P.A.,clted 17 

hia.  Pa.,  cast-Iron  pipe  flrnt  ummI 

7r) 

lectric  Power  Co.,  stave  pipe  built 

letalls  of,  flgurc  showing 67 

;>ipe  built  by ii6,«8 

1  type  of  stave,  figure  showing  de- 

of 66 

log,  view  of 68 
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Pipe,  construction  of  stave 68-69 

cost  of  cas* -Iron 71-81 

cost  of  laying  cast-iron 80 

cost  of  riveted-steel 71 

cost  of  stave 71 

dimensions  and  weights  of  cast-iron  ...  76-78 

durability  of  cast-iron 81 

durability  of  stave 70 

bored-log,  figure  showing 68 

Dwelle  typo  of  stave,  figure  showing 

details  of 66 

form  of  stave,  early,  figure  showing  ....       68 

history  of  cast-iron 76 

invention  of  stave 64-66 

laying  cast-Iron 79-80 

location  of  lines  of  stave 69 

lumber  for  stave 66-68 

manufacture  of  cast-Iron 76-76 

manufacturers  of  riveted-steel 72 

origin  and  early  use  of  stave G3-64 

Pioneer  Electric  Company'sstave,  figure 

showing  details  of 67 

riveted-steel,  advantages  and  use  of 71-72 

specifications  for  riveted-steel 72-74 

stave,  figure  showing  type  of 61 

stave,  views  of 64,60.68 

steel  for  bands  of  stave 68 

testing  and  Inspecting  cast-iron 7^79 

use  of  stave 70-71 

Point  Lookout  canal.  Utah,  carrying  ca- 
pacity of ,  experiment  to  determine  ..  88-34 

grade,  etc.,  of 16 

tiectlonof 86 

Providence  canal,  Utah,  carrying  capacity 

of,  experiment  to  determine 86-37 

section  of 35 

Providence  Town  canal,  Utah,  carrying  ca- 
pacity of,  experiment  to  determine..       34 

section  of 36 

Providence  Upper  canal,  Utah,  carrying  ca- 
pacity of.  exi>i'riment  to  determine  . .       'M 

section  of 35 

Provo,  Utah.  Sterling  itemicircular  flume  at.       61 
Provo  ('anyr)n,  Utah,  flume  in,  figure  show- 
ing         62 

Sterling  fl tune  in,  viewHof 60 

Rectangular  flumes.    See  Flumes. 
Redlands,  Cal.,  Sterling  semicircular  flume 

near GO-61 

Redlands  canal,  Cal.,  redwood  stave  pipe 

In,  view  of 66 

Rhcad,  J.  L.,  and  Mortenscn,  M.,  drag  de- 

signe<l  by 22-23 

Rivete<i-steel  pipe.    Str  I*ipe. 

Koweville,  Utah.canal  lateral  at,  section  of         28 

Russell,  S.  B..  mentioned 76 

Sanger,  Cal..  flume  at,  view  of 56 

Santa  Ana  canal.  Cal.,  Sterling  8i>mlcircu- 

lar  flume  in 60-61 

redwood  stave  pipe  In.  view  of IVi 

viewsof 24,62,66 

Semicircular  flumes.    See  Flumes. 
Silt,  Kleinschmldt  canal,  figure  showing  de- 
posit of,  in 16 

methods  of  providing  for.  in  canals..  12-13, 

18-14 
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Slope  of  water  sarlace,  method  of  deter- 
mining         26 

Sliuh  Ice.    See  Anchor  ice. 

Smithfield  canal,  Utah,  carrying  capacities 
of  laterals  of,  experiments  to  deter- 
mine  40,42 

laterals  of ,  sections  of 41,43 

Bolveson  &  Co.'s  canal,   Utah,   carrying 

capacity  of,  experiment  to  determine.       31 
section  of 32 

Specular  ice.    See  Anchor  ice. 

St.  Lawrence  River,  anchor  ice  In 17-18 

Stave  pipe.    See  Pipe. 

Sterling,  Ouy,  semicircular  flume,  inven- 
tion of,  by  60 

Sterling  semicircular  flumes,  features  of...  60-63 

figure  showing 62 

plateM  showing 60 

Stover,  A.  P.,  aid  by 23 

Telluride  Power  Transmission  Co.,  Sterling 

semicircular  flume  of,  description  of .       61 
Sterling  semicircular   flume  of,  figure 
showing 62 

Temple  UlU  lateral.    .S^  Logan,  Utah. 

Thatcher  canal,  Utah,  carrying  capacities 
of  laterals  of,  experiments  to  deter- 
mine   39,42,43 

laterals  of,  sections  of 38,48 

Toronto,  Ont.,  section  of  stave  pipe  in  con- 
duit of 64 

Trestles  for  flumes,  table  of  dimensions  of 

parts  of M 

Tubb<4,  J.  N.,  cast-iron  pipe  used  by,  method 

of  testing 78-71 
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Ulrich,J.C.,  flume  apron  introduced  by 

Utah,  canals  in,  experiments  on 27 

canals  in,  views  of 16,20 

flumes,  early  use  of,  in 

flumes  in,  experiments  on 5» 

flumes  in,  views  of 48.50 

stave  pipe  in,  view  of 

Sterling  semicircular  flumes  in OO 

Utah  mining  camp.  Sterling  semiclrculsr 

flume  at 

Velocity  in  canals,  effect  of  excessive,  plate 

showing 

relation  of  grade  to 14- 

Walker  Tract  canal,  Utah,  carrying  capacity 

of,  experiment  to  determine 

section  of 
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US-OCOLOWCAL  SUIIVtV. 


PROFILES  OF  RIVERS  IN  THE  UNITED  STATES. 


By  Henry  Gannett. 


GENERAL   DISCUSSION. 

The  profiles  here  represented  are  derived  from  various  sources  and 
ctiffer  from  one  another  greatly  in  accunu^y.    Many  of  them  are  drawn 
:from  the  annual  reports  of  the  Chief  of  Engineers,  U.  S.  A.,  under 
"^hich  are  included  the  reports  of  the  Mississippi  and  Missouri  River 
€X)nmiia8ions.    The  heights  thus  obtained  arc  those  of  the  level  of 
"water  in  the   rivers  at  certain  stages,  and  may  be  regarded  as  of 
.^reat  accuracy.     Others  have  been  obtained   from  railroad  profiles, 
T)eing  the  level  of  the  rivers  at  points  where  the  railroads  touch  or 
cross  them.     Still  others  have  been  taken  from  the  atlas  sheets  of  the 
United  States  Geological  Survey  and   from   other  maps.     In  most 
«uch  cases  the  points  at  which  the  contours  cross  the  rivers  upon  the 
maps  have  been  taken.     These  again  differ  in  point  of  accuracy  with 
the  means  adopted  for  the  location  of  the  contours.     Where  the  spirit 
level  was  used  in  locating  contours  it  may  be  assiuned  that  the  deter- 
minations are  fairly  good,  but  where  the  barometer  was  used  the 
probable  error  may  be  of  considerable  magnitude.     Such  elevations 
are,  however,  mainly  in  the  mountainous  parts  of  the  country,  where 
the  fidl  of  the  streams  is  great,  and  where,  therefore,  erroi*s  of  con- 
siderable magnitude  may  be  tolerated,  as  affecting  but  little  the  form 
of  the  profile. 

The  rivers  whose  profiles  are  presented  in  the  following  pages  are 
indicated  upon  the  map  which  forms  PI.  I.  The  profiles  are  given  in 
figures,  showing  the  distance  between  points,  the  height  at  each  point, 
and  the  average  fall  per  mile  between  points.  They  are  also  repre- 
f!>ented  graphically  upon  Pis.  II  to  XI,  inclusive.  All  these  profiles 
are  represented  upon  the  same  horizontal  and  vertical  scales,  the  for- 
mer being  100  miles  to  an  inch  and  the  latter  2,000  feet  to  an  inch. 
This  relation  between  the  scales,  which  scarcely  suffices  to  show  any 
slope  in  the  Lower  Mississippi,  gives  the  appearance  to  many  other 
streams  of  exceeding  steepness,  as  in  the  case  of  those  flowing  out  of 
the  Sierra  Nevada.  Still  it  wtis  judged  best,  after  much  consideration, 
to  use  uniform  sc^ales  throughout,  in  order  that  comparisons  between 
different  rivei's  might  be  made  directly. 
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PROFILES    OF   RIVERS   IN   THE    UNITED   STATES. 


ST.    CROIX   RIVER. 


[va4i 


The  drainage  basin  of  this  river  is  in  eastern  Maine,  a  portion  of  it 
projecting  over  into  New  Brunswick.  Its  area  is  1,674  square  miles. 
Its  surface  is  undulating  and  hilly,  but  not  mountainous,  and  is,  in  the 
main,  densely  forested. 

At  a  distance  of  20  miles  from  its  mouth  the  river  forks,  the  main 
branch,  known  as  the  Kennebasis,  coming  down  from  the  north.  It 
is  of  this  branch  that  the  profile  is  given.  The  other  branch,  known 
jis  the  Chiputnetieook,  comes  from  the  west. 

To  illustrate  the  lacustrine  character  of  this  stream  it  may  be  stated 
that  there  are  within  its  drainage  Imsin,  and  tributary  to  it,  no  fewer 
than  27  lakes,  ranging  in  size  from  three-quarters  of  a  square  mile  up 
to  27  square  miles,  and  with  a  total  area  of  134  square  miles. 

Upon  the  river  and  its  northern  tributary  there  are  many  falls  and 
rapids,  only  a  few  of  which  have  been  utilized. 

The  profile  shows  great  and  recent  disturbances,  changing  it  materi- 
ally from  the  normal  profile  which  it  must  have  presented  at  the 
opening  of  the  Glacial  epoch. 

The  figures  are  from  Wells's  Water  Power  of  Maine. 


Locality. 


Distance 

from 
mouth. 


Upper  bridge,  Milltown,  mouth 

Baring  bridge 

Foot  of  Sprague  falls 

Plead  of  Spragae  falls 

Head  of  Enoch  rips 

Piteh  of  Iy)wer  Grand  falls 

Head  of  Upper  Grand  falls 

Foot  of  Grand  Chiputnetieook  falls. 
Head  of  Grand  Chiputnetieook  falls 

Foot  of  Canoose  rips 

Head  of  Canoose  rips 

Foot  of  Haycock  rips 

Hea<l  of  Haycock  ripe 

Foot  of  Meeting-house  ripe 

Head  of  Meeting-house  rips 

Foot  of  Rocky  rips 

Head  of  Rocky  ripe 

Foot  of  Mile  ripe 

Head  of  Mile  ripe 

Foot  of  Kill-me-quick  rips 

Head  of  Kill-me-quick  rips 

Head  of  Chiputnetieook  Lake 

Stream  into  Mud  Lake 

Head  of  Mud  Lake 


0 

m 

lot 
lU 

19J 

19J 

22 

22} 

30 

30} 

33t 

33J 

Mi 

35J 

36} 

39} 

50 

51 

54 

54} 

74} 

76t 

80} 


Height 
above 


0 
86 
93 
118 
128 
145 
165 
169 
190 
200 
211 
212 
218 
218 
226 
227 
252 
a53 
358 
372 
382 
382 
426 
426 


Fall  per 
mile. 


Feet 


9 
50 


3 
40 

2 
28 

1 
22 


12 


8 


5 

5 

20 


22 


FEN0B8C0T   AND   KENNEBEC   RIVEBS. 
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PENOBSCOT  BIVER. 

rtiis,  the  largest  river  in  the  State,  has  a  drainage  area  of  8,9B4 
iiare  miles,  its  greatest  length  being  160  miles,  and  its  greatest 
eadth  115  miles.  Its  surface  is  hilly  or  undulating,  in  the  main 
rest-clad  and  full  of  lakes;  indeed,  within  its  basin  185  laken  and 
nds  have  been  counted,  having  a  total  area  of  395  square  miles. 
The  course  of  the  river  is  crooked;  indeed,  in  its  upper  part  it  has 
iparently  no  definite  direction,  flowing  through  lakes  and  swamps, 
meets  tide  at  Vinal  Mills,  39  miles  above  its  mouth.  Its  profile  is 
[ually  irr^ular,  consisting  of  level  reaches,  rapids,  and  falls. 
The  profile  is  from  the  census  report  on  Water  Power,  1880. 


Locality. 


Mouth 

Bangor 

Head  of  falls,  Vinal  Mills 

Mouth  of  Mattawamkeag  River 

Chesoncook  Lake 

Penobscot  Lake 


Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

1 
Fert. 

MUes. 

/Vrt. 

0 

0 

27 

0 

39 

92 

7.7 

S4 

190 

2.2 

120 

900 

19.7 

200 

1,509 

7.6 

KENNEBEO  RIVER. 

This  river  has  its  source  in  Moosehead  Lake,  from  which  it  flows  in 
generally  southward  direction  to  its  mouth  below  Bath.  It  meets 
le  at  Augusta,  26  miles  above  Merry  meeting  Bay,  and  about  40  miles 
ove  its  mouth.  Its  drainage  area,  excluding  Androscoggin  River,  is 
kX)  square  miles,  most  of  which,  and  especially  the  northern  part, 
densely  forested.  It  is  in  a  lacustrine  region  containing  hundreds 
lakes  and  ponds,  most  of  which  are  small  in  area.  The  profile  is 
)m  the  census  report  on  Water  Power,  1880. 


Locality. 


Merry  meeting  Bay 

Aug:ii8ta,  head  of  tide 

Head  of  Kendall  MillH  rip 

Norridgewock 

Dam  at  Madison  bridge. . . 
Head  of  Caratunk  falls  . . . 
Mooeehead  Lake 


Distiince 

from 

Menymeet- 

ing  Bay. 

Height 

above 

sea. 

Feet. 

Fall  per 
mile. 

Milfs. 

FKt. 

0 

0 

26 

0 

4S 

91 

4.1 

66 

13S 

2.6 

79 

236 

7.5 

90 

316 

7.3 

13a 

i      \,m 

I  w.n 
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PB0FILE8    OF   RIVERS   IN   THE    UNITED   STATES. 


[HO.  44. 


ANDROSCOGGIN   RIVER. 

This  river  heads  in  the  White  Moantains,  in  New  Hampshire,  and 
flows  in  a  generally  eastward  and  southeastward  direction,  joining  the 
Kennebec  in  Merrymeeting  Bay.  Its  drainage  basin  presents  the  same 
characteristics  as  those  of  the  Penobscot  and  Kennebec,  varied  by  the 
fact  that  its  sources  are  in  a  mountain  region  and  at  a  considerable 
elevation.  It  has  the  same  forest-clad,  lacustrine  character.  The  river 
contains  numerous  falls,  many  of  which,  especially  at  Lewiston,  have 
been  greatly  utilized.  The  total  area  drained  measures  3,698  square 
miles,  of  which  three-fourths  lie  in  Maine  and  the  remainder  in  New 
Hampshire.  The  profile  is  from  the  census  report  on  Water  Power, 
1880. 


1 


Locality. 


Mouth,  Merrymeeting  Bay 
Head  of  Rumford  falls  . . . 

Bethel 

State  line 

Head  of  Beriin  falls 

Head  of  river  proper 

Parmachene  Lake 

Magalloway  I^ke 


Distance 

fn)m 

mouth. 


0 
76 
100 
114 
128 
160 
186 
199 


Height 

above 

sea. 


Fed, 

0 

600 

620 

690 

1»048 

1,256 

1,600 

2,225 


Fall  per  , 
mUe. 


J^eL 


8.0 

0.8 

5.0 

25.6 

6.5 

13.2 

48.1 


8A0O  RIVER,    MAINE   AND   NEW  HAMPSHIRE. 

This  stream  heads  in  eastern  New  Hampshire  and  flows  east  and 
southeast  to  its  mouth,  near  Saco  and  Biddeford.  Its  drainage  basin, 
having  an  area  of  1,750  square  miles,  half  of  which  is  in  Maine  and 
half  in  New  Hampshire,  is  quite  similar  in  its  characteristics  to  the 
basins  of  the  othex  rivers  of  these  States.  Its  head  is  in  the  southern 
part  of  the  White  Mountains,  and  it  flows  thence  through  the  low 
country  in  Maine. 

The  profile  is  from  the  census  report  on  Water  Power,  1880. 


LfK*ality. 


Mouth 

Mouth  of  OsHipee  Kivcr. . . 

Foot  of  Great  falls 

Head  of  Great  falln 

Conway  Center 

Mouth  Ellis  River .... 

West  boundary  of  Bartlett 
Head .^ 


Distance 

from 
mouth. 


0 
40 
45 
45 
73 
83 
92 
\^ 


Height 
above 


\ 


Feet. 
0 
266 
271 
343 
412 
511 
745 


Fall  per 
mile. 


FM. 


6.7 
1.0 


\ 


2.5 

9.9 

26.0 

94.6 
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KEBRIMAC   AND  OONTOOCOOK   BIVEK8. 
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IfERSIMAG   RIVER. 

Tliis  little  stream,  which  probably  turns  more  spindles  than  any 
^ler  stream  of  the  United  States,  heads  in  the  central  part  of  New 
hmpshire,  and  flows  in  a  direction  a  little  east  of  south  into  north- 
istern  Massachusetts,  which  it  traverses  in  a  northeast  course  to 
i  mouth,  at  Newburyport.  Its  drainage  Inu^^in  is  4,8H4  s((imro  miles. 
^  upper  portion  is  a  forest-clad,  liunistrine  region,  but  it  soon  enters 
WMintry  which  is  densely  settled  and  ha^^  l>een  largely  cleared  of 
irests.  Everywhere,  however,  it  abounds  in  lakes  and  ix)nds.  Its 
lofile  shows  the  irregularities  which  are  so  characteristic  of  the 
Ireams  of  New  England,  consisting  of  a  succession  of  still  reaches 
kemating  with  falls  and  rapids. 
The  profile  is  from  the  census  report  on  Water  Power,  1880. 


Locality. 


Mouth 

MitcheU  falls 

Foot  of  locks  at  Lawrence , 

Top  of  Lawrence  dam 

Foot  of  Hunt  falls 

Head  of  Hunt  falls 

Top  of  Pawtncket  dam,  Lowell. 

State  line 

Month  of  Nashua  River 

Foot  of  Cromwell  falln 

Footof  Goff  falls 

Head  of  Goff  falls 

Manchester,  helow  falls 

Top  of  Manchester  <lain 

Hookaett,  below  falls 

Hooksett,  top  of  dam 

Foot  of  Garvin  &dls 

Head  of  Garvin  falls 

Foot  of  Sewell  falls 

HeadofSewall  falls 

Mouth  of  Contoocook  River 

Franklin,  head  of  river 


Dlfitancu 

from 

mouth. 


Milen. 
0 

22 

27 

28 
37 
38 
40 
49 
53 
Wi 
iy\ 
{^ 

7S 
7« 
8.3 
83 
93 
95 

m 

110 


Height 
above 


FrH. 


Fall  piT 
mile. 


Pfti. 


0 
0 


10 
39 
42 

6:i 

87 
90 
93 
93 
112 


2.0 

2t).0 

0.3 

11.0 

17.0 

0.3 

0.8 

0.0 


2.7 


117 

5. 0 

12t> 

3. 0 

178 

52.  0 

181 

0.3 

197 

16.0 

199 

0.5 

227 

28.0 

229 

0.2 

248 

9.5 

249 

1.0 

2«9 

1.4 

CONTOOCOOK   RIVEU. 


This  is  a  branch  of  Men*imac  River  in  New  Hampshire.     It  hends 
ti  the  southwestern  part  of  the  State,  near  the  Massachunetts  line,  and 
lows  northeastward  to  its  connection  with  the  paTent  ^tteASXv.    l\»VkS6& 
'  npid  All,  supplying  many  watt»r  powers. 
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PROFILES   OF   RIVEBS   IN   THE   UNITED   STATES. 


The  profile  is  from  the  census  report  on  Water  Power,  1880. 


Locality. 


Mouth 

Just  above  Contoocook 

Just  below  Henniker 

Foot  of  Long  fall 

Head  of  Long  fall 

Foot  of  falls  at  Hillsboro  bridge . 
Head  of  falls  at  Hillsboro  bridge 

Foot  of  falls  at  Bennington 

Head  of  falls  at  Bennington 

Foot  of  falls  at  North  Peterboro . 
Head  of  falls  at  North  Peterboro 

Foot  of  falls  at  Peterboro 

Head  of  falls  at  Peterboro 

Hillsboro  county  line 

Three  Ponds,  in  Rindge 


Distance 

from 
mouth. 


MUe8. 
0 
11 
21 
22 
24 
27 
27 
36 
37 
44 
44 
46 
46 
50 
55 


Height 
above 


Feet. 
249 
365 
389 
433 
546 
564 
591 
606 
676 
714 
724 
727 
734 
875 

1,114 


Fallper 
'     mile. 


Fed. 


10.5 

2.4 

44.0 

56.5 


6.0 


CONNECTICUT  RIVER. 

Connecticut  River  heads  near  the  boundary  line  between  the  State 
of  Vermont  and  Canada  in  a  series  of  small  lakes  at  an  altitude  exceed-] 
ing  2,000  feet,  flows  thence  in  a  southerly  course,  forming  the  boundary 
between  Vermont  and  New  Hampshire,  and  thence  across  Massachu- 
setts and  Connecticut  to  its  mouth*  in  Long  Island  Sound.     Its  total 
length  is  nearly  400  miles,  and  its  fall  in  that  distance  somewhat  more 
than  3,000  feet,  being  an  average  of  about  5  feet  per  mile.     It  is  tidal  to 
Hartford,  50  miles  above  its  mouth.    The  area  of  its  basin  includes  11,269 
square  miles.     The  upper  part  of  this  is  forest  clad,  but  lower  down,  and 
especially  throughout  Massachusetts  and  Connecticut,  the  forests  have 
been  largely  cleared  away  for  settlement.     Throughout  it  is  in  a  lacus- 
trine region.     From  its  head  as  far  as  central  Massachusetts  it  has  a 
narrow  valley,  but  in  southern  Massachusetts  and  northern  Connecti- 
cut the  valley  expands  broadly,  owing  to  the  fact  that  it  is  here  com- 
posed of  Triassic  sandstones,  which  are  much  softer  than  the  Axchean 
rocks  in  which  its  course  lay  above.     Below  Holyoke  its  course  is 
crossed  by  a  dike  of  trap  which  has  retarded  its  work  of  eroding  its 
bed,  forming  a  partial  dam,  behind  which  the  river  becomes  very  gentle, 
sluggish,  and  winding,  developing  a  broad  course  in  its  bottom  land. 


OONKEOnCUT  AlfD  H0U8AT0NIC  RIVEBS. 
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iMirves  is  known  as  the  Oxbow,  which  has  been  cnt  off,  and 
>  a  crescent-shaped  lake,  similar  to  those  so  common  in  the 
le  Lower  Mississippi, 
ile  is  from  the  census  report  on  Water  Power,  1880. 


LocaUty. 


Enfield  rapids 

Enfield  dam 

Holyoke  dam 

u^  B.  R.  croflsing 

rumers  Falls  dam 

of  Ashuelot  River 

Dreland 

Bellows  bdls 

f  Bellows  falls 

Meadows,  Charlestown 

»r 

River  Junction 

d  bridge,  Hanover 


liver 

Mclndoes  bdls  . . . 

Waterford 

f  Fifteen-mile  falls. 

Stratford 

tewartsto  wn 

ticut  Lake 

Lake. 


Distance 

from 
mouth. 


Height 
above 


lea. 

FetL 

0 

0 

50 

0 

60 

6 

66 

38 

84 

98 

116 

109 

120 

173 

136 

206 

159 

219 

170 

234 

170 

283 

181 

289 

196 

304 

209 

339 

213 

375 

230 

380 

255 

407 

262 

432 

273 

643 

285 

830 

312 

885 

344 

1,035 

361 

1,018 

360 

1,882 

375 

2,038 

Fall  per 
mile. 


0.6 
5.3 
3.3 
0.35 
12.8 
2.1 
0.6 
1.4 


0.5 

1.0 

2.7 

9.0 

0.3 

1.1 

3.6 

19.2 

15.6 

2.0 

4.7 

34.3 

15.5 

26.0 


Feet.      I 


HOU8ATONIC   KIVEK. 

portant  stream  heads  in  western  Massachusetts,  flows  south- 
into  Connecticut,  and  then  turns  to  the  southeast,  emptying 
'  Island  Sound  near  Bridgeport.  It  has  a  drainage  basin  of 
,re  miles.  In  its  upper  course  it  flows  through  a  hilly  coun- 
illy  cleared,  the  hills  gradually  becoming  smaller  and  the 
1  of  woodland  less  as  the  stream  is  traced  southward. 
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The  profile  is  from  the  census  report  on  Water  Power,  1880. 


Locality. 


Moutb  

Mouth  of  Shepaug  River 

Two  miles  above  CJomwall  bridge 

Falls  village 

Ashley  Falls,  Mass 

Pittsfield 


Distance 

from 
mouth. 


MUc9. 
0 
30 
64 
73 
82 
123 


Height 
aboTe 


FeeL 
0 
105 
457 
622 
705 
9S3 


Fall  per 
mile. 


P^eeL 


3.5 

10.2 

19.4 

9.2 

4.3 


HUDSON   RIVER. 

This  river  heads  in  Lake  Tear  of  the  Clouds,  in  the  heart  of 
Adirondacks,  at  a  great  altitude,  and  comes  down  the  south  slope 
that  mountain  group  with  a  steep  descent,  flowing  through  many  po 
and  over  many  cataracts  and  waterfalls  in  its  course.     The  p 
rapidly  flattens  as  the  river  leaves  the  mountains,  but  in  the  neigh 
hood  of  Glens  FaUs,  near  its  junction  with  the  Mohawk,  it  mak 
series  of  abrupt  drops,  due  to  passing  over  hard  rock  beds,  which 
nish  valuable  water  power.     It  reaches  tide  at  Troy,  150  miles 
its  mouth. 

Its  drainage  area,  including"  Mohawk  River,  is  13,366  square  milei 
The  profile  is  from  the  census  report  on  Water  Power,  1880. 


Locality. 


/ 


Mouth w 

Troy 

Crest  of  Saratoga  dam 

Fort  Edward  R.  R.  bridge 

Crest  of  Glens  Falls  feeder  dam 

Mouth  of  Secondaga  River 

Mouth  of  Stony  Creek 

Mouth  of  Schroon  River 

The  Glen 

Mouth  of  Mill  Creek 

Mouth  of  North  Creek 

North  of  River  village 

Mouth  of  Boreas  River 

Mouth  of  Indian  River 

Mouth  of  Cedar  River 

Lake  Tear  of  the  Clouds 


Distance 

from 
mouth. 

Height 
above 

Fall  per 
mile. 

MUtx. 

FM^ 

FkL 

0 

0 

150 

5 

0.03 

180 

102 

3.2 

190 

118 

1.6 

197 

284 

23.7 

216 

536 

13.3 

222 

571 

5.8 

228 

594 

3.8 

236 

720 

15.7 

240 

817 

24.2 

248 

981 

20.5 

253 

1,041 

12.0 

257 

1,134 

23.3 

265 

1,403 

33.6 

266 

1,454 

51.0 

300 

4,322 

1 

84.4 

.1 


MOHAWK   AND  PASSAIO  BIVEB8. 
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MOHAWK  RIYER. 

lis,  tile  main  western  branch  of  Hudson  River,  flows  eastward 

through  a  broad  depression  between  the  Adirondacks  and  the  Helder- 
berg  Plateau.  The  irregularities  of  its  profile  are  due  mainly  to  its 
flowing  over  the  edges  of  hard  rock  beds.  Its  principal  fall  is  tbit  at 
Cohoes,  near  its  mouth. 

The  profile  is  from  the  census  report  on  Water  Power,  1880. 


Localitx. 


Mouth 

Lower  aqueduct  {fall  nearly  all  at  Cohoes) . 

Schenectady 

Month  of  Schoharie  Creek 

Three  miles  east  of  Utica 

Four  miles  east  of  Rome 

Rome,  above  feeder  dam 


Distance 

frDin 
mouth. 


HeiKht 

above 

sea. 


Milea. 

0 

4 

19 

42 

95 

112 

115 


12 
1H2 
214 
270 
:i93 
418 
431 


Fall  fier 
mile. 


Frrt. 


M.  5 

:$.  5 

2.4 


•>  •» 


1.5 


4.3     I 


PASSAIC   KIVER. 
[From  the  venauM  report  on  Water  Power.  Ikko.] 


Locality. 


Mouth 

Passaic 

Dundee  dam,  crest 

Paterson,  below  falls. . . 

Paterson  dam,  crest 

Little  tidls,  dam 

Lower  Chatham  bridge 
Near  Madisonvillo 


DiHtanire 

lit>m 
mouth. 

Height 

alwve 

sea. 

MUtif. 

Firl. 

0 

0 

29 

0 

m 

22 

41 

SQ 

42 

115 

47 

U)2     1 

69 

1()8 

m 

240    ! 

1 

1 

Fall  per 
mile. 


J-let. 


22.0 
1.5 

76.0 
9.4 
0.3 
4.2 


DEUIWARE   RIVER. 

This  river  heads  in  the  western  slopes  of  the  Catskill  Mountains  and 
in  the  plateaus  north  of  them,  flows  in  a  course  alternating  between 
southwest  and  southeast,  but  generally  southeast,  to  its  mouth,  in  Dela- 
ware Bay,  reaching  tide  at  Trenton.  Throughout  most  of  its  course 
it  forms  the  boundary  line  between  Pennsylvania,  on  the  west,  and 
New  York  or  New  Jersey,  on  the. east.     The  length  of  the  stream, 
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following  its  windings  from  its  source  to  Trenton,  is  about  280  miles, 
and  its  average  fall  about  6.7  feet  per  mile.  Its  drainage  area,  inclad- 
ing  all  its  branches,  is  12,012  square  miles. 

The  first  part  of  its  course  is  down  the  declivities  of  the  Catskill 
Mountains.  Shortly  thereafter  it  enters  the  faulted  and  folded  region 
of  the  Appalachian  Valley,  flowing  alternately  with  the  ridges  and 
across  them.  At  Delaware  Water  Grap  it  passes  the  Eittatinny  Range. 
At  Trenton,  where  it  crosses  the  Fall  Line  and  meets  tide,  there  is  a 
fall  of  nearly  8  feet,  which  furnishes  a  valuable  water  power. 

The  profile  is  mainly  from  the  census  report  on  Water  Power,  1880. 


Locality. 


Distance 

from 
Trenton. 


Trenton,  below  falLs 

Yardley 

Bull  Island 

Easton 

Belvidere 

Delaware  Water  Grap 

Four  miles  above  Port  Jervis 

Lacka  waxen 

Deposit .' 

Head 


MUea. 

0 

3 

26 

54 

68 

81 

127 

146 

212 

280 


Height 
above 


0 
8 

74 
159 
236 
301 
450 
600 
984 
1,886 


Fall  per 
mile. 


Feet. 


2.7 
2.9 
3.0 
5.4 
5.1 
3.2 
7.9 
5.8 
13.3 


\ 


LEHIOH   RIVER. 


[From  the  census  report  on  Water  Power,  1880.] 


Locality. 


Mouth 

Bethlehem 

Slatington 

Lehighton 

Mauch  Chunk,  below  dam 

Near  White  Haven 

Stoddartsville 


Distance 

from 
mouth. 

Height 

ahove 

eea. 

Miles. 

Feet. 

0 

159 

12 

205 

33 

350 

42 

450 

46 

504 

54 

690 

70 

1,105 

83 

1,457 

Fall  per 
mile. 


Fxt. 


3.8 
6.9 
11.1 
13.5 
23.2 
25.9 
27.1 


unwTT.] 


SCHUYLKILL   AND   SUSQUEHANNA   BIYEBS. 
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SCHUYLKILL   RIYEB. 

This  river  heads  in  Schuylkill  County,  in  eastern  Pennsylvania,  and 
ma  southeast  to  its  junction  with  the  Delaware  at  Philadelphia.  In 
I  course  through  Schuylkill  and  Berks  counties  it  traverses  numerous 
iter  gaps  through  the  ridges  of  the  Appalachian  Valley.  Its  length 
112  miles,  and  its  drainage  basin  about  1,800  square  miles.  The 
erage  fall  of  the  river  is  about  5  feet  per  mile. 
The  profile  is  from  the  census  report  on  Water  Power,  1880. 


Locality. 


Mouth 

Fairmount.' 

Pawlings  dam  . . . 

Reading 

Port  Clinton 

Landingville 

Schuylkill  Haven 
Port  Carbon 


Distance 

from 
mouth. 


SUSQUEHANNA   RIVEK. 

Susquehanna  River  rises  in  two  large  branches  known  as  the  North 
id  West  branches,  the  former  rising  in  southern  New  York  and  the 
tter  in  central  Pennsylvania,  both  branches  heading  in  the  Allegheny 
ateau.  The  drainage  basin  of  the  entire  river  is  27,655  square  miles, 
ree-fourths  of  it  being  within  the  State  of  Pennsylvania.  The  length 
the  river,  following  up  the  North  Bninch,  is  422  miles.  The  North 
ranch  pursues  an  extremely  crooked  course,  flowing  in  a  generally 
uthwesterly  course  in  the  State  of  New  York,  changing  in  north- 
stern  Pennsylvania  to  a  southeast  course,  until  it  flows  out  of  the 
ateau  and  into  the  groat  Appalachian  Valley.  Then  it  flows  south- 
estward  to  its  junction  with  the  West  Branch  at  Sunbury.  Most  of 
is  part  of  its  course  lies  in  limestone  valleys,  but  in  several  cases  it 
•eaks  through  ridges  from  valley  to  valle\%  forming  water  gaps. 
The  West  Branch  heads  in  Cambria  County  and  flows,  at  first,  north- 
ftrd  and  northeastward  and  then  southeastward  until  it  leaves  the 
ateau  and  enters  the  valley.  Then  it  flows  eastward  in  a  limestone 
lUey,  at  the  south  foot  of  the  Allegheny  Front,  until  it  reaches  a  point 
)rth  of  Sunbury,  whence  it  flows  southward  to  its  junction  at  that 
ace  with  the  North  Branch,  cutting  several  water  gaps  through  oppos- 
g  ridges  on  its  way. 

IRE  44r-01 2 


i 
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From  Sunbury  to  Harrisburg  the  main  Susquehanna  flows  nearlj 
south  across  the  trend  of  the  ridges  and  valleys.  In  this  part  of  its 
course  the  river  cuts  five  fine  water  gaps.  Through  each  of  these  tti« 
stream  runs  with  accelerated  velocity,  while  in  the  intervening  limo 
stone  valleys  it  has  a  leisurely  flow.  From  Harrisburg  the  river  flow 
southeast  to  the  head  of  Chesapeake  Bay,  most  of  the  way  through 
rolling,  highly  cultivated  country. 

Between  Sunbury  and  Harrisburg  the  profile  is  slightly  convene 
showing  the  eflfect  in  retarding  the  progress  of  the  river's  erosion  cz: 
the  hard  ridges  which  it  crosses. 

The  profile  is  from  the  census  report  on  Water  Power,  1880. 


Locality. 


Mouth 

State  line 

Mouth  of  Fishing  Creek 

Foot  of  Columbia  dam 

Crest  of  Columbia  dam 

Foot  Conewago  falls 

Above  Conewago  falls 

Harrisburg 

Rockville 

Clark  ferry  dam,  foot 

Clark  ferry  dam,  crest 

Liverpool 

Selinsgrove 

Sunbury  dam,  foot 

Sunbury  dam,  crest 

Nanticoke  dam,  foot 

Nanticoke  dam,  crest 

Wilkesbarre 

Mouth  of  Lackawanna  River  . 
Mouth  of  Tunkhannock  Creek 
Mouth  of  Meehoopany  Creek. 
Mouth  of  Wyalusing  Creek . . . 

Mouth  of  WjTsox  Creek 

Towanda 

Athens 

Otsego  I^ke 


Distance 

from 
mouth. 


Miles. 


0 

12 

20 

43 

43 

57 

59 

69 

75 

84 

84 

99 

116 

122 

122 

174 

174 

183 

190 

211 

223 

244 

258 

262 

278 

422 


Height 

above 

sea. 


Fall  per 
mile. 


Fret. 


oiniR.] 


SUSQUEHAlOrA   AKD  JUNIATA  BIVEB8. 
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WE8T  BRANCH  OF  SUSQUEHANNA  mVER. 


Locality. 


Mouth 

Lewisboig  dam,  foot . . . 
Lewisbuiig;  dam,  crest. . . 

Money  dam,  foot 

Mmicy  dam,  crest 

Williamsport  dam,  foot. 
Williamsport  dam,  crest 
Lockhaven  dam,  foot. . . 
Lockhaven  dam,  crest . . 
Queens  Run  dam,  foot. . 
Queens  Run  dam,  crest . 

Keating 

Curwinsville 


Distance 

from 

mouth. 


MUe$. 

0 

7 

7 

23 

23 

39 

39 

65 

65 

69 

69 

105 

160 


Height 
above 


Fall  per 
mile. 


JUNIATA   RIVER. 


This  is  a  large  western  branch  of  Susquehanna  River,  which  heads 
in  the  Appalachian  Valley,  under  the  Allegheny  Front,  and  flows  with 
\  generally  eastward,  but  an  extremely  crooked,  course  to  its  mouth,  a 
few  mUes  above  Harrisburg.  Its  course  is  throughout  an  alternation 
Df  gentle  stretches  in  limestone  valleys  and  of  rapid  courses  through 
Water  gaps.     Its  drainage  basin  comprises  3,223  square  miles. 

The  profile  is  from  the  census  report  on  Water  Power. 


Locality. 


Mouth 

Millerstown  dam,  foot 

Millerstown  dam,  crest 

Lewistown  dam,  foot 

Lewistown  dam,  crest 

Newton  Hamilton  dam,  foot . 
Newton  Hamilton  dam,  crest 

Huntington  dam,  foot 

Huntington  dam,  crest 


Distance 

from 
mouth. 


MUes. 
0 
16 
16 
44 
44 
68 
68 
90 
90 


Height 
above 

96  ft* 


Feet. 
336 
380 
388 
442 
450 
512 
520 
610 
622 


Fall  per 
mile. 


Feel. 
2.7 


1.9 


2.6 
4.1 
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POTOMAC  RIVER. 

This  river  heads  in  several  long  branches  in  the  Appalachian  Valley, 
in  Virginia,  and  in  the  edge  of  the  Allegheny  Plateau.     The  North 
and  South  branches  of  the  Potomac  and  the  Shenandoah  River  flow  in 
lines  that  are  parallel  to  one  another,  with  a  course  somewhat  east  oi 
north,  for  long  stretches    through    limestone  valleys.     The  Norti^ 
Branch,  which  is  the  uppermost  of  the  head  streams,  turns  eastward  ^^ 
Cumberland  and,  thence  known  as  the  Potomac,  flows  in  a  generaL^? 
southeasterly  course  as  far  as  Washington,  where  it  reaches  tide  lev^^V 
being  joined  on  the  way  by  the  South  Branch  of  the  Potomac  at  Pie-^' 
mont  and  by  the  Shenandoah  River  at  Harpers  Ferry.     In  the  upp^^^ 
part  of  its  course  it  crosses  a  number  of  ridges  in  water  gaps,  and  ^^t 
Harpers  Ferry  crosses  the  Blue  Ridge,  cutting  a  gap  nearly  1,000  fe^^^ 
in  depth. 

The  obstruction  produced  by  the  rocks  of  the  Blue  Ridge  at  Blarpe^^^^ 
Ferry  has  retarded  the  stream  to  such  an  extent  that  above  this  poirr^^t 
both  the  main  river  and  its  branch,  the  Shenandoah,  have  been  localE — Y 
graded  for  a  long  distance  upstream,  giving  them  gentle  and  ver^i:i7 
crooked  courses.  The  drainage  basin  of  the  Potomac  River  is  14,47^  ^ 
square  miles,  including  the  Shenandoah,  which  has  an  area  of  2,8^  ^ 
square  miles. 

The  following  profiles  of  the  Potomac,  jts  South  Branch,  and  tk 
Shenandoah  with  its  North  Fork,  are  from  the  atlas  sheets  of  th. 
United  States  Geological  Survey: 


Locality. 


Mouth,  Point  Lookout 

Chain  "bridge,  above  Georgetown,  D.  C .  . 

Head  of  Little  falls 

Foot  of  Great  falls .' 

Head  of  Great  falls 

Harpers  Ferry 

Hancock 

Cumberland 


Distance 

from 
mouth. 


/ 


\ 


Miles. 
0 
115 
116 
121 
125 
141 
172 
179 
220 
244 
290 
310 
316 
320 
324 
330 


Height 

above 

sea. 


\ 


FeeL 

0 

20 

40 

60 

150 

200 

250 

300 

400 

500 

600 

700 

800 

900 

1,000 

1,200 


Fall  per 
mile. 

FeeL 

0.2 

20.0 

4.0 

'22.5 

3.1 

1.6 

7.1 

2.4 

4.2 

2.2 

5.0 

16.7 

25.0 

25.0 

33.3 

\ 

POTOMAO   AND   SHENANDOAH   BIVEBS. 
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LocaUty. 


iberland 


ion 


Distance 

from 
mouth. 

Height 

above 

aea. 

Fall  per 
mile. 

JfilM. 

FtfL 

Feet. 

834 

1,400 

50.0 

338 

1,600 

50.0 

342 

1,800 

50.0 

346 

2,000 

50.0 

358 

2,600 

41.7 

SOUTH  BRANCH  OF  POTOMAC. 


Locality. 


ith,  near  Green  Spring. . 

mey 

irefield 

th  Fork  of  South  Branch 


Dbitance 

from 
mouth. 


MOea. 
0 
15 
27 
52 
65 
76 
87 
103 


Height 
above 


Feet. 

545 

600 

700 

800 

1,000 

1,200 

1,500 

2,000 


Fall  per 
mile. 


Feet. 


3.7 
8.3 
4.0 
15.4 
18.2 
27.3 
31.3 


SHENANDOAH   KIVEK. 


Locality. 

Difltance 

from 
mouth. 

Height 
above 

Fall  per 
mile. 

Milfs. 

Fe^. 

Ft^cl. 

tth.  Harpers  Ferry 

0 

250 

10 

300 

5.0 

39 

400 

3.4 

jrton 

58 
68 

465 
500 

3.4 
3.5 

rail 

82 
94 

600 
700 

7.1 
8.3 

115 

800 

4.8 

133 

900 

5.5 

147 

1,000 

7.1 

170 

1,200 

8.7 

200 

1,600 

10.0 
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NORTH   FORK  OF  SHENANDOAH   RIVER. 


Locality. 

Distance 

from 

mouth  of 

Shenandoah 

River. 

Height 

above 

sea. 

Fall  per 
mile. 

MiUx. 

Feet. 

FeeL 

Riverton 

58 
63 

465 
500 

7.0 

73 

600 

10.0 

83 

.700 

10.0 

98 

800 

6.7 

124 

900 

3.8 

135 

1,000 

9.1 

147 

1,200 

16.7 

JAMES  RIVER. 


This  tributary  to  Chesapeake  Bay  heads  in  the  Allegheny  Front, 
West  Virginia,  and  flows  in  a  genei-ally  eastward  course  across 
Appalachian  Valley,  cutting  across  its  ridges  and  finally  the  Blue 
In  its  course  across  the  valley  and  through  the  Piedmont  region  it  h^^^s 
many  rapids.     At  Richmond  it  crosses  the  Fall  Line  with  an  abru]^^^ 
descent  of  84  feet  and  just  below  that  city  reaches  tide  and  the  hem^ 
of  navigation.     From  this  point  to  its  mouth,  111  miles,  it  is  a  tid^^^ 
estuary.     Its  drainage  basin,  including  that  of  its  main  branch,  Appo- 
mattox River,  comprises  9,684  square  miles. 

Appomattox  River  heads  in  the  Piedmont  region,  flows  eastward 
and  joijis  James  River  just  below  Petersburg,  at  which  point  it  crosses 
the  fall  line. 

The  profile  of  James  River  is  from  the  levels  of  the  Engineer  Corps, 
U.  S.  A.,  and  that  of  the  Appomattox  from  the  atlas  sheets  of  the 
United  States  Geological  Survey. 


Locality. 


Mouth 

Richmond 

Grant  dam 

Boeher  dam 

Maiden's  Adventure  dam 

Ty  e  River  dam 

JotihuA  EaUbt  dam 


\ 


Distance 

from 
mouth. 


Miles. 
0 
111 
114 
122 
140 
220 
246 


\ 


Height 
above 


Ftet. 

0 

0 

84 

124 

143 

376 

463 


Fall  per 
mile. 


Fed. 


28.0 
5.0 
1.1 
2.9 
8.4 


I 
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Locality. 


Lynchburg  waterworks  dam 

Judith  dam 

Bald  Eagle  dam 

Pedlar  dam .. 

Coleman  Falls  dam 

Big  Island  dam 

Cushaw  dam 

Blue  Ridge  dam 

Quarry  FbUb  dam 

Vamey  Falls  dam 

Indian  Rock  dam 

Wasp  Rock  dam 

Junction  Jackson  and  Cowpasture  rivers 


Distance 

from 

month. 


260 
263 
268 
271 
274 
278 
282 
287 
290 
297 
301 
305 
325 


Height 
above 


FeeL 
513 
540 
558 
572 
588 
606 
649 
706 
720 
759 
786 
812 

1,014 


Fall  per 
mile. 


Feet. 

3.6 

9.0 

3.6 

4.7 

5.3 

4.5 

10.8 

11.4 

4.7 

5.6 

6.8 

6.5 

10.1 


APPOMATTOX   RIVER. 


Locality. 


I     Distance 
from 
mouth. 


Mouth 

Giles  mill 

Near  Farmville 

Head  near  Appomattox 


Height 

above 

sea. 


I 


Fall  per 
mile. 


I 


0 

17 

59 

98 

110 

130 


0 
100 
200 
300 
400 
800 


Feet. 


5.8 
2.4 
2.6 
8.3 
20.0 


ROANOKE   RIVER. 

The  source  of  this  river  is  in  the  Appalachian  Valley,  in  southwest 
irginia;  thencxj  it  flows  southeastward  to  the  head  of  Albemarle 
3und.  It  is  navi^ble  to  Weldon,  above  which  place  it  crosses  the 
all  Line.  Its  principal  branch,  Dan  River,  which  heads  in  the 
ountains  of  western  North  Carolina,  exhibits  similar  peculiarities. 
The  drainage  basin  of  Roanoke  River,  including  that  of  the  Dan,  is 
237  square  miles. 

The  profile  of  the  Roanoke  as  far  up  as  Brookneal  and  that  of  the 
an  are  from  levels  by  the  Engineer  Corps,  U.  S.  A.  The  upper 
)rtion  of  the  Roanoke  is  from  the  atlas  sheets  of  the  United  States 
eological  Sarvey. 
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Locality. 


Mouth 

Weldon 

GajiJton 

Stone  House  Creek . . 

Great  Creek 

Allen  Creek 

East  Lynne  Creek 

Clarksville,  Va 

Roanoke  landing 

Wallace  Creek 

Old  landing 

Edmunds  landing 

Coles  ferry  landing 

Brookneal 

Head  Long  Island 

Wards  road  ferry 

Folers  ferry,  mouth  of  Pig  River 

Radford  ford 

Lyn  ville  ford 

Salem 


DAN    KIVER. 


Mouth 

Danville  canal 

Wilson  upper  ferry 

Daniels  ferry 

Leaksville 

Eagle  falls 

Madison  bridge 

Laddfi  ford 


Distance 

from 
mouth. 


MUet. 
0 
129 
132 
148 
160 
172 
182 
196 
217 
223 
229 
233 
239 
249 
261 
276 
302 
317 
330 
341 
:^60 
:^i5 
370 
379 
386 
388 


Height 
above 


Feet. 

0 

39 

143 

181 

194 

212 

233 

289 

319 

328 

337 

341 

350 

368 

400 

500 

600 

700 

800 

900 

1,000 

1,100 

1,200 

1,300 

1,400 

1,500 


FUlper 
mile. 


FeeL 


0.3 
34.6 
2.4 
1.1 
1.5 
2.1 
4.0 
1.4 
1.5 
1.5 
1.0 
1.5 
1.8 
2.7 
6.7 
3.8 
6.7 
i.  t 
9.1 
5.3 
>0.0 
JO.O 
Ll.l 
14. 3 
50.0 


\ 


i.  t 

9.1 

5.3 

20.0 

20.0 

11.1 

14.3 

Ikuibury 


iAMMWrt.] 


CAPS   FEAB   AUD   GBEAT   PEDBB   BIYSBS. 


25 


GAPE  FEAR  BIYEB. 

This  river  heads  in  the  upper  part  of  the  Piedmont  region  and  flows 
outheast  to  its  mouth  at  Wilmington.  It  crosses  the  Fall  Line  above 
Tayetteville. 

Its  drainage  basin  comprises  8,310  square  miles. 

The  profile  is  from  the  report  on  Water  Power  of  the  Tenth  Census. 


Locality. 


Wilmington 

Fayetteville 

Smiley  falls,  foot 

Smiley  tidls,  head 

Junction  Haw  and  Deep  rivers 


Distance 

from 

mouth. 


Miies. 
0 
112 
139 
143 
172 


Height 
above 


FeeL 

0 

7 

42 

69 

130 


Caliper 
mile. 


I'Teet. 


.06 
1.3 
6.75 
2.1 


GREAT  PEDEE   RIVER. 

This  river,  following  up  the  Yadkin,  heads  in  the  Blue  Ridge,  in  the 
northern  part  of  North  Carolina,  and  flows  southeastwardly  to  its 
Sleuth,  near  Georgetown,  South  Carolina,  its  course  being  throughout 
o  the  Piedmont  region  and  the  Atlantic  Coastal  Plain.  It  exhibits 
*xany  irregularities,  due  to  recent  tilting  of  the  region  through, which 
t.  flows.     It  crosses  the  Fall  Line  above  Cheraw. 

Its  drainage  basin  is  17,098  square  miles. 

The  profile  is  from  the  levels  of  the  Engineer  Corps,  U.  S.  A.,  as  far 
^  Wilkesboro;  above  that  point  it  has  been  derived  from  the  atlas 
sheets  of  the  United  States  Geological  Survey. 


LiK'ality. 


Di8tanco 

from 

mouth. 


Mouth 

Cheraw 

Foot  of  Bluitt  fallfe 

Allentown  ferry 

Christian  ferry 

Mouth  Uwharrie  River 

Head  of  Narrows 

Stokes  ferry 

Bringle  ferry 

Croasing  Southern  R.  K 

Month  of  South  Yadkin  River. 

Dutchman  Island 

Oakeifeny 


Miles. 
0 
149 
170 
199 
208 
212 
214 
227 
237 
259 
263 
272 
^\ 


Fnt. 
0 
65 
145 
201 
209 
239 
259 
505 
557 
661 
667 
680 
^0^ 


0.4 
3.8 
1.9 
0.9 
7.5 
10.0 
18.9 
5.2 
4.7 
1.5 
1.4 


\ 
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Locality. 


Distance 

from 
mouth. 


BaUey  ferry 

Hall  ferry 

Jones  mill 

Sycamore  ford 

Rockf ord 

Hurt  ledge 

Sayles  ford 

Mouth  of  Roaring  River 
Wilkesboro 


Patterson. 


Miles. 
291 
297 
309 
325 
341 
351 
362 
371 
382 
385 
391 
403 
410 


Height 
above 


Feet. 

711 

726 

752 

790 

866 

908 

931 

958 

992 

1,000 

1,100 

1,200 

1,250 


Fall 
mil 


7.1 


8ANTEE   RIVER. 

This  river  heads  in  the  eastern  slope  of  the  Blue  Ridge  in  severe 
branches,  converging  in  the  Catawba,  Saluda,  and  Broad  rivers,  whic?* 
flow  south  westward  across  the  Piedmont  region  and  the  Atlantfi 
Coastal  Plain  to  its  mouth,  near  Cape  Romain.  Its  drainage  basin  5 
14,696  square  miles. 

The  profiles  of  this  river  and  its  branches  are  from  the  levels  of  th* 
Engineer  Corps,  U.  S.  A. 


LtK-ality. 


/ 


Mouth 

Junction  of  Wateree  and  Congaree  rivers. . 

Head  of  Wateree  River 

Foot  of  Gaydon  falls 

Crossing  C.  C.  and  A.  R.  R 

State  Line 

Crossing  A.  and  C.  R.  R 

Crossing  C.  C.  R.  R 

Crossing  W.  N.  C.  R.  R 

Crossing  Chester  and  Lenoir  R.  R 

Moore  shoal 

Moiganton 

Old  Fort 

Croesing  of  Southern  R.  R 

Head,  In  Swannanoa  gap 


Distanoi* 

from 
mouth. 


Miles. 
0 
208 
268 
275 
308 
323 
328 
333 
370 
398 
403 
413 
463 
473 
479 


Height 

above 

sea. 

Fall  per 
mile. 

fM. 

IM. 

0 

80 

0.4 

160 

1.3 

226 

9.4 

461 

7.1 

485 

1.6 

508 

4.6 

522 

2.8 

730 

5.6 

884 

5.5 

908 

4.8 

1,010 

10.2 

1,274 

5.3 

2,050 

77.6 

2,658 

i  101. 3 

\ 


! 
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SALUDA   RIVER. 
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1                                    Locality. 

Distance 

from 
mouth. 

Height 

aboYe 

sea. 

Fall  per 
mile. 

1 

Junction  with  Wateree  River 

Mila. 
0 
60 

FM. 
80 
136 

FuL 
1.0 

Hend,  Colnmbia 

Locality. 


Month 

CroBBing  of  G.  <&  C.  R.  R  . . 

Crossing  of  Southern  R.  R. 


Distance 

from 
mouth. 

Height 

aboYC 

sea. 

Miles. 

Ftet. 

0 

136 

60 

383 

125 

749 

ia5 

809 

BROAD  RIVER. 


Locality. 


Mouth 

Ninety-nine  Islands 

Summers  shoal,  foot 

Lyle  shoal,  foot 

Neal  shoal,  foot 

Foot  of  the  gravel 

Foot  of  Ninety-nine  Islands 
Head  of  Cherokee  shoal . . . 

Crossing  Southern  R.  R 

Green  River 


Distance 

from 
mouth. 


Milft. 
0 
12 
26 
41 
59 
68 
94 
101 

ia5 

141 


Height 

aboYe 

sea. 


Fed. 
136 
176 
229 
270 
322 
340 
426 
530 
542 
759 


Fall  per 
mile. 


Feet. 


4.1 
5.6 
6.0 


Fall  per 
mile. 


/M. 


3.3 
3.7 


2.7 


2.9 
2.0 
3.  3 
14.8 
3.0 
6.0 


SAVANNAH    RIVER. 

This  river  heads  in  the  eastern  slope  of  the  Blue  Ridge  and  flows 
southeast  to  its  mouth  at  Savannah.  It  crosses  the  Fall  Line  just  above 
Augusta,  where  is  afforded  a  fine  water  power,  which  is  utilized  to  a 
large  extent,  making  Augusta  the  chief  cotton-manufacturing  point  in 
the  South. 

The  drainage  basin  of  the  river  is  11,402  square  milea« 
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The  profile  is  from  levels  by  the  Engineer  Corps,  U.  S.  A. 


Loc&lity. 


Savannah 

Crossing  of  C.  AS.  R.  R 

Purysburg 

Ebenezer  landmg 

Sisters  ferry 

Parachuchla 

Monkey  point 

Haga  Slaga  point 

Ck>hens  bluff 

Burton  ferry  landing 

Brown  landing 

Rattlesnake  camp 

Blue  bluff 

Demerief  ferry 

Eagle  point 

Hill  landing 

Mason  landing 

Augusta 

Little  River  shoals 

Point  Lookout  shoals 

Petersburg,  Ga 

Head  Hell  sluices 

Moseley  ferry 

Harper  ferry 

Dooley  ferry 

Andersonville ^ 


Distance 

from 
mouth. 


Mila. 

0 

14 

23 

34 

47 

55 

70 

91 

101 

116 

130 

141 

150 

161 

170 

180 

191 

203 

225 

235 

259 

265 

272 

278 

284 

306 

314 


Height 
above 


0 

4 

6 

14 

20 

24 

31 

44 

51 

60 

69 

77 

80 

87 

92 

98 

103 

110 

203 

256 

289 

306 

380 

405 

422 

541 

577 


FUlper 
mile. 

FeeL 

as 

0.25 

0.7 

0.5 

0.5 

0.5 

0.6 

0.7 

0.6 

0.6 

0.7 

0.3 

0.6 

0.6 

0.6 

0.5 

0.6 

4.2 

5.3 

1.4 

2.8 

10.6 

4.2 

2.8 

5.4 

4.5 

WETT.) 


SOUTHEBN  8TBEAM8. 
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OOONEE  BIVER. 


This  is  one  of  the  main  branches  of  the  Altamaha  River  in  Georgia, 
heads  on  the  eastern  slope  of  the  Blue  Ridge  and  flows  nearly  south- 
st  to  its  junction  with  the  Altamaha.  Its  profile  is  remarkably 
looth,  with  little  variation  from  a  normal  one.  It  is  from  levels  by 
e  Corps  of  Engineers,  U.  S.  A. 


Locality. 


Mouth 

Chaney  ferry 

McArthur  landing 

Adams  landing 

Savannah,  Americas  and  Montgomery  R.  R. 

crossing 

Adams  landing 

Odam  landing 

Dixon  landing 

Walton  landing 

Davis  landing 

Branch  landing 

CJooper  landing 

Walton  landing 

Pritchett  landing 

Clark  landing 

Dublin 

Blackshears  ferry 

Kittrell  landing 

Thompson  ferry 

Ball  ferry 

Central  R.  R.  bridge 

Spring  Lake 

Whitaker  Island 

Tucker  ferry 

Milledgeville 

Geoi^gia  R.  R.  bridge 

Crossing  Greorgia  R.  R 

Crossing  N.  E.  R.  R.  near  Athens 

Crossing  N.  E.  R.  R.  near  Lula 


Distance 

from 
mouth. 


Miles. 

0 

6 

15 

25 

30 

37 

39 

45 

50 

55 

5S 

62 

67 

70 

72 

79 

85 

93 

98 

102 

108 

114 

127 

137 

147 

149 

209 

249 

294 


Height 

above 

sea. 


83 

88 

99 

109 

114 
121 
123 
129 
134 
138 
141 
145 
151 
154 
156 
161 
167 
175 
179 
185 
193 
202 
221 
231 
242 
248 
335 
604 
1,232 


Fall  per  i 
mile.     ! 


/bee. 


0.8 

1.2 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
0.8 
1.0 
1.0 
1.2 
1.0 
1.0 
0.7 
1.0 
1.0 
0.8 
1.5 
1.3 
1.5 
1.5 
1.0 
1.1 
3.0 
1.5 
6.7 
13.9 
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APALAGHIOOLA   AND  CHATTAHOOCHEE   RIVERS. 

The  Chattahoochee,  the  main  branch  of  the  Apalachicola  River, 
heads  in  the  Blue  Ridge,  in  northeast  Georgia,  flows  southwest  to  the 
boundary  between  this  State  and  Alabama,  following  that  boundary 
to  the  south  line  of  the  State,  near  which  it  joins  Flint  River  to  form 
the  Apalachicola.  The  river  leaves  the  metamorphic  region  and 
crosses  the  Fall  Line  at  Columbus,  the  head  of  navigation.  Just 
above  this  place  is  a  succession  of  rapids  and  falls,  giving  the  river  a 
descent  of  120  feet  within  5  miles  of  Columbus. 

The  profile  is  taken  mainly  from  the  atlas  sheets  of  the  United 
States  Geological  Survey. 


Locality. 


Mouth  of  Apalachicola  River 
Columbus 

West  Point 

Mornsferry 

Lizzie 

Terry  ferry 

Stringer  ford 

Crowder  ford 

Mouth  of  Spoiled  Cane  Creek 
Head 


Distance 

from 

mouth. 


Miiea. 
0 
400 
405 
434 
512 
537 
554 
586 
615 
627 
643 
653 
661 


Height 
above 


FeeL 

0 

238 

358 

600 

700 

750 

800 

900 

989 

1,100 

1,200 

1,500 

3,500 


Fall  pel 
mile. 


Feet. 


0.6 

24.0 

8.3 

1.3 

2.0 

2.9 

3.1 

3.1 

9.3 

6.25 

30.0 

250.0 


COOSA   AND  TALLAPOOSA   KIVEBS. 

Alabama  River,  one  of  the  two  main  branches  of  Mobile  River, 
divides  just  below  Montgomery,  Alabama,  into  two  large  branches, 
Coosa  and  Tallapoosa  rivers.  The  former  heads  in  northern  Georgia, 
in  the  broken  hills  which  form  the  southern  end  of  the  Appalachian 
Mountains  in  two  branches,  the  Etowah  and  the  Oostanaula  rivers. 
The  Tallapoosa  River  heads  in  northwest  Georgia. 

The  entire  drainage  basin  of  the  Alabama  is  23,820  square  miles. 

The  profile  is  from  levels  of  the  Engineer  Corps,  U.  S.  A. 
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0OO8A   RIVER. 


Locality. 


Wetumka  bridge 

Thompson  ferry 

Zimmerman  ferry 

Narrows 

Foot  of  Steamboat  Island 

Bullock  Island 

Tallasseehatchie  Creek  . . 

Glover  ferry 

Grifl&th  ferry 

Truss  ferry 

Embry  ferry 

Greensport 

Garrett  ferry 

Cedar  bluff 

Rome 


Distance 

from 

Wetumka 

bridge. 


MiUs. 

0 

19 

31 

46 

58 

64 

76 

85 

96 

108 

115 

141 

160 

207 

223 

271 


Height 
above 

oca. 


Ftet. 

^148 
244 
276 
383 
406 
413 
415 
423 
453 
469 
471 
500 
521 
571 
623 
652 


Fall  per 
mile. 


^rt. 


5.1 
2.7 
7.1 
1.9 
1.2 
0.2 
0.9 


2.7 


1.3 
0.3 
1.1 
1.1 
1.1 
3.3 
0.6 


ETOWAH   RIVER. 

[This  profile  is  made  up  mainly  from  the  atlas  sheets  of  the  United  States  Geological  Survey.] 


Locality. 


Mouth,  Rome 

Cartenrville 

Mouth  of  Little  River 

Chamlee  ferry 

I^better  bridge 

Dougherty 

Head 


Distance 

from 
mouth. 


Miles. 

0 

43 

63 

83 

104 

119 

122 

131 

144 


Height 

above 

sea. 


Fed. 

652 

696 

798 

900 

1,000 

1,100 

1,200 

1,300 

3,500 


Fall  per 
mile. 


Fed. 


1.0 

5.1 

5.1 

4.8 

6.7 

33. 3 

11.1 

169.2 
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008TANAULA  RIVER  AND  COOSA WATTEE   RIVER. 

[This  profile  is  made  up  from  atlas  sheets  of  the  United  States  (Geological  Siunrey.] 


Locality. 


Mouth,  Rome 

Foot  of  mountainB. 


Distance 

from 

mouth. 


MUtB. 

0 

67 

73 

83 


Height 
above 


652 

700 

1,000 

1,200 


Fall  per 
mile. 


FetL 


0.7 
50.0 
20.0 


BLACK  WARRIOR  RIVER. 


This  is  a  large  eastern  branch  of  Tombigbee  River,  one  of  the  two 
forks  of  Mobile  River.  It  heads  in  northern  Alabama  and  flows  south- 
west to  its  junction  with  the  Tombigbee. 


Locality. 


Tuscaloosa 

Langgton 

PattoD  ferry 

Mouth  of  Locust  Fork 

Tuggle  landing 

Junction  Sipsey  and  Mulberry  forks 


Distance 

from 
mouth. 

Height 
aboYe 

sea. 

Fall  per 
mile. 

MUes. 

FeeL 

FuL 

0 

0 

13 

45 

3.5 

32 

107 

3.3 

47 

120 

0.9 

70 

144 

1.0 

90 

163 

0.95 

TALLAPOOSA   RIVER. 

[This  profile  Ih  made  from  atlas  sheets  of  the  United  States  Geological  Surrey.] 


Locality. 


Mouth 

Bosworth 

Malone  ferry 

Mouth  of  Little  Tallapoosa  River 

Muscadine 

Allgood  mill 


Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Miles. 
0 
90 
106 
122 
148 
181 
200 
215 

FeeL 
160 
500 
582 
660 
800 
900 
1,000 
1,154 

F/H. 

3.8 
5.1 
4.9 
5.4 
3.0 
5.3 
10.3 

, 
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TEXAS  BIVEBS. 

The  rivere  of  Texas,  the  Trinity,  Brazos,  Colorado,  and  Nueces,  and 
eir  branches,  drain  a  territory  whose  physiographic  features  affect 
1  its  streams  in  a  similar  manner.  The  region  slopes  with  much 
lif ormity  toward  the  southeast  and  the  streams  flow  down  this  .slope, 
is  formed  of  a  succession  of  rock  beds,  dipping  gently  southeast, 
it  more  steeply  than  the  slope  of  the  land,  so  that  on  following  down 
le  of  these  streams  we  cross  successively  more  recent  strata.  These 
;ds  are  not  of  uniform  hardness,  and  the  streams,  cutting  more 
ipidly  in  the  softer  beds  and  being  retarded  by  the  harder  ones, 
chibit  a  succession  of  gentle  and  rapid  courses.  This  is  excellently 
lown  in  the  Brazos  and  Colorado  rivers. 

These  profiles  were  made  up  from  atlas  sheets  of  the  United  States 
eological  Survey. 

TRINITY   RTVER. 


Locality. 

Distance 

from 
mouth. 

Height 

above 

8ea. 

0 

50 

350 

400 

500 

1,000 

Fall  ]M;r 
mile. 

Fret. 

0.7 
1.2 
1.8 
5.  3 
11. <i 

Mouth - 

Milts. 
0 
72 
314 
342 
361 
404 

Crossing  of  H.E.&  W.T.R.R 

Sixteen  miles  below  Dallas 

Twelve  miles  above  Dallas 

Six  miles  below  Fort  Worth 

Weatherford • 

1 
•                                                                               1 

BRAZOS   RIVER   AND   (^I.EAR   FORK. 


Locality. 


Mouth 

Bolivar  landing 

Mouth  of  Cow  Creek 

Crossing  G.  C.  &  8.  F.  R.  R  . 
Richmond 

Eighteen  miles  above  Waco 


DiNtance 

from 
mouth. 


MOes. 

0 

51 

60 

66 

89 

291 

318 

341 

374 

407 


HeiKht 

above 

sea. 

1 

Fall  per 
mile. 

Feft. 

Feet. 

0 

2 

9 

0.8 

22 

2.2 

47 

1.1 

400 

1.7 

450 

1.85 

500 

2.2 

600 

3.0 

700 

3.0 

IRR44r~01 
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BRAZOS  RIVER  AND  CLEAR  FORK — Ctontiliued. 


Locality. 

Distance 

from 
mouth. 

Height 
ahoTe 

Fall  per 
mile. 

MUet. 

FM. 

FeeL 

Near  Palo  Pint4> 

462 
521 

800 
900 

1.8 
1.7 

545 

1,000 

4.2 

572 

1,100 

3.7 

Near  Fort  Griffin 

592 
621 

1,200 
1*400 

5.0 
6.2 

642 

1,500 

4.8 

Newsoni 

675 

1,660 

4.5 

Roby 

710 

1,900 

7.1 

COLORADO   RIVER. 


Locality. 

Distance 

from 
mouth. 

Height 
above 

Fall  per 
mile. 

Miles. 

FbeL 

Foel. 

Mouth 

0 
145 

0 
300 

2.1 

Above  Bastrop 

175 

350 

1.7 

Below  Austin 

205 
217 
229 

400 
450 
500 

1.7 
4.2 
4.2 

Dau>  above  Austin 

1 

261 

600 

3.1 

'     Marble  Falls 

297 
315 
329 

700 
800 
900 

2.8 
5.6 
7.1 

Month  "f  T.lano  River . 

341 

1,000 

8.3 

371 

1,100 

3.3 

424 

1,200 

1.9 

468 

1,300 

2.3 

498 

1,400 

as 

524 

1,500 

3.8 

548 

1,600 

4.2 

569 

1,700 

4.7 

591 

1,800 

4.5 

NNRT.] 
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LLANO  RIVER. 


Loc&lity. 


Moath 
Llano  . 


Distance 

from 
mouth. 


Miles. 


0 
27 

48 
84 


Height 
above 


FbeL 

800 
1,000 
1,200 
1,500 


Fall  per  ' 
mile. 


Fed. 


7.4 
9.5 
8.3 


SAN   SABA   RIVER. 


Locality. 


Distance 

from 
mouth. 


Mouth 

Above  San  Saba. 


Fort  McKavett. 


Miles. 

0 

14 

37 

61 

111 


Height 

above 

sea. 


Feet. 

1,120 

1,200 

1,400 

1,600 

2,100 


OONCHO  RIVER. 


Locality. 


Mouth 

Above  Paint  Rock. 


San  Angelo 


Distance 

from 

mouth. 


Miles. 
0 
22 
30 
43 
55 
66 
83 


Height 

above 

sea. 


Feet. 

1,500 

1,600 

1,700 

1,800 

1,900 

2,000 

2,200 


NUECES   RIVER. 


Fall  per 
mile. 


Feet. 


5.7 

8.7 

8.3 

10.0 


Fall  per 
mile. 


FeeL 


4.5 
12.5 

7.7 

8.3 

9.1 

11.7 


Locality. 


Mouth 

Northern  part  of  Zavalla  County 

Northwestern  part  of  Uvalde  Ck>unty 
Barkfldale 


Distance 

from 
mouth. 


MUes. 
0 
230 
256 
276 
292 
^10 


Height 

above 

sea. 


Fall  per 
mile. 


FcH. 


Feet. 
0 
700 
1,000 
1,260 
1,600 


3.1 
11.5 
13.2 
14.7 
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BIO  GBANDE. 

The  Rio  Grande  rises  in  the  San  Juan  Mountains  of  Colorado  and 
has  a  steep  descent  in  a  mountain  canyon  to  San  Luis  Valley.  In  this 
broad  valley  its  slope  is  greatly  reduced,  but  increases  again  in  the 
canyon  in  southern  Colorado  and  northern  New  Mexico,  which  it  has 
cut  in  a  volcanic  mesa.  Flowing  out  of  this  it  runs  southward  for 
several  hundred  miles  in  a  valley,  in  which  its  slope  is  foirly  uniform. 
It  increases  again  in  the  canyon  above  the  mouth  of  the  Pecos,  dimin- 
ishing again  below  that  point  toward  its  mouth,  where  it  becomes  very 
slight. 

The  river  is  subject  to  wide  variations  in  volume  at  diflferent  times 
of  the  year.  From  southern  New  Mexico  to  the  mouth  of  the  Pecos 
it  is  often  dry  in  late  summer,  while  in  the  springtime  it  is  a  powerful 
torrent. 

The  Pecos,  its  main  branch,  heads  in  the  mountains  above  Las  Vegas 
and  flows  southeastward  over  the  plains  and  through  a  broad  valley  to 
its  mouth.  Its  profile,  although  evidently  controlled  largely  by  the 
slopes  of  the  surface,  is  nearly  normal,  but  shows  a  decided  irrega- 
larity  in  the  increased  slope  near  its  mouth. 

The  profile  of  the  Rio  Grande  has  been  made  up  mainly  from  the 
atlas  sheets  of  the  United  States  Geological  Survey,  that  of  the  Pecos 
in  part  from  railroad  levels  and  in  part  from  these  atlas  sheets. 


Locality. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Flail  per 
mile. 

Miles. 

FeeL 

Feet 

Mouth 

0 
250 

0 
440 

1.8 

420 

960 

3.1 

722 

2,600 

5.1 

765 

2,600 

2.3 

783 

2,700 

5.6 

798 

2,800 

6.7 

816 

2,900 

5.6 

829 

3,000 

7.7 

843 

3,100 

7.1 

878 

3,200 

2.8 

902 

3,300 

4.1 

916 

3,400 

7.1 

956 

3,500 

2.5 

992 

3,600 

2.7 

ElPtoo 

1,030 

3,700 

2.6 
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Locality. 


Earlham 


Distance 

from 

mouth. 


MOei. 
1.069 


Alamocita ... 
SanMarcial.. 
Albuquerque. 
Bernalillo  ... 

Cochiti 

San  ndefonso 
Rineonada 


CJolonas  ferry 

Del  Norte 

Wagon  Wheel  gap 

San  Juan 

Mouth  of  LoBt  Trail  Creek 

Mouth  of  Pole  Creek 

Head 


1 
1 
1 
1 
1, 
1, 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


099 
153 
197 
233 
374 
396 
420 
450 
480 
508 
552 
626 
656 
681 
756 
765 
770 


Fed, 
3,800 
3,900 
4,120 
4,250 
4,400 
4,900 
5,000 
5,200 
5,500 
5,829 
6, 357 
7,443 
7,742 
8,450 
9,000 
9,500 
10,790 
12,000 


Fall  per 
mile. 


Feet. 
2.6 
3.3 
4.1 
2.9 
4.2 
3.5 
4.5 
8.3 
10.0 
10.9 
18.9 
24.7 
4.0 
23.6 
22.0 
6.7 
143.  3 
242.0 


PECOS  RTVER. 


LocaUty. 


Mouth 

Pecos  

Eddy 

Hagerman 

Crossing  P.  V.  B.  R 

Latitude  35*» 

Las  Colonias 

La  Junta 

Anton  Chico 

LaCueeta 

San  Miguel 

Head 


Distance 

from 
mouth. 


Milea. 
0 
215 
300 
375 
405 
530 
548 
556 
567 
577 
597 
607 
622 
637 
657 


Height 

above 

sea. 


\ 


\ 


Feet. 
1,000 
2,550 
3,107 
3,400 
3,500 
4,600 
4,850 
4,950 
5,100 
5,250 
5,800 
6,000 
6,500 
7,000 
8,000 


Fall  per 
mile. 


Fed. 


7.2 

6.6 

3.9 

3.3 

8.8 

13.9 

12.5 

13.6 

15.0 

27.5 

20.0 

33.3 

33.3 

50.0 
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lOSSiSSIFFI  RIVEIL 

The  Mississippi  River  heads  in  Lake  Itasca,  or  rather  in  the  indefi- 
nite divide  a  few  miles  farther  south.  For  several  hundred  miles  its 
course  is  througii  a  region  over  which  the  great  northern  glacier  scat- 
tered its  deposits,  producing  great  irregularity  in  the  disposition  of 
the  drainage.  In  this  part  of  its  course  the  river  is  very  irregular, 
both  in  direction  and  in  slope,  flowing  through  numerous  lakes  of  con- 
siderable size,  and  between  them  having  rapids  and  falls.  The  most 
notable  of  the  falls  in  the  upper  part  of  its  course  is  that  of  St 
Anthony,  at  Minneapolis,  where  the  river  flows  oflf  a  bed  of  St.  Peter 
sandstone.  Below  this  fall  its  course  becomes  much  more  regular. 
It  flows  through  Lake  Pepin,  where  it  has  no  appreciable  descent. 
and  there  are  no  rapids  of  importance  until  those  of  Rock  Island, 
Illinois,  are  reached,  and  these,  with  the  rapids  at  Keokuk,  are  the 
only  serious  obstructions  to  navigation  below  Minneapolis.  In  each 
of  these  cases  the  rapids  were  produced  by  a  recent  shift  in  the  river 
channel,  caused  by  the  Laurentian  glacier. 

The  slope  of  the  river  as  far  as  Cairo  does  not  vary  greatly,  rang- 
ing from  two  feet  to  eight-tenths  of  a  foot  per  mile.  Most  of  the  way 
the  river  flows  in  a  bottom  land  of  considerable  breadth,  generally 
widening  downward,  and  the  river  becomes  more  and  more  crooked 
and  winding. 

Below  Cairo,  where  it  is  joined  by  the  Ohio,  its  character  is  that  of 
a  graded  stream.  Although  its  slope  is  not  materially  diminished,  its 
bottom  lands  become  broader,  and  within  them  it  meanders  widely 
from  bluff  to  bluff.  In  southern  Louisiana  it  changes  again;  its  couise 
becomes  straighter,  it  deposits  more  detritus  than  it  receives,  and  in  con- 
sequence it  has  built  up  its  bank  by  overflow,  forming  a  broad,  gently 
sloping  ridge  of  dry  land  which  accompanies  it  through  the  swamp  in 
which  its  course  lies.  Below  the  mouth  of  Red  River  it  forms  dis- 
tributaries which  aid  in  carrying  off  its  surplus  water  in  times  of 
flood.  In  this  part  of  its  course  its  slope  is  scarcely  appreciable,  and 
yet  it  flows  with  a  strong  current. 

It  discharges  into  the  gulf  through  a  delta  composed  of  several  arms 
or  passes — South  Pass,  Southwest  Pass,  Pass  a  I'Outre,  etc.  Its  entire 
drainage  basin  comprises  1,240,039  square  miles. 

The  profile  is  from  the  levels  of  the  Mississippi  River  Conunission; 
the  heights  are  those  of  ordinary  low  water. 
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Locality. 


Mouth 

Oarrollton,  La 

College  Point,  La 

Plaquemine,  La 

Baton  Bouge,  La 

Port  Hickory,  La 

Mouth  of  Bed  Biver,  Ark  . . . 

Natchez,  Miss 

St.  Joseph,  La 

Vicksbui^,  Miss 

Lake  Providence,  La 

Greenville,  Miss 

Arkansas  City,  Ark 

Mouth  of  White  Biver,  Ark  . 

Helena,  Ark 

Mahoons  landing,  Miss 

Memphis,  Tenn 

Pulton,  Tenn 

Cottonwood  Point,  Mo 

New  Madrid,  Mo 

Columbus,  Ky 

Cairo,  111 

Thebes,  111 

Fountain  Bluff,  111 

St  Louis,  Mo 

Mouth  of  Missouri  Biver,  Mo 

Grafton,  111 

Clarksville,  Mo 

Louisiana,  Mp 

Hannibal,  Mo 

Quincy,  111 

Canton,  Mo 

Gregory  landing,  Mo 

Alexandria,  Mo 

Keokuk,  Iowa 

Montrose,  Iowa  (rapids) 

Fort  Madison,  Iowa 

Burlington,  Iowa 

Oquawka,  111 

KelthBburg,  111 

New  Boston,  111 


DlBtanoe 

from 
mouth. 


Miles. 

0 

140 

194 

222 

245 

287 

316 

378 

449 

487 

555 

618 

658 

700 

791 

821 

862 

922 

974^ 

1,028 

1,076 

1,097 

1,137 

1,177 

1,270 

1,288 

1,308 

1,361 

1,371 

1,397 

1,413 

1,428 

1,439 

1,445 

1,450 

1,462 

1,470 

1,492 

1,505 

1,516 


\ 


I^eeL 

0 

1 

2 

2 

3 

3 

7 

21 

36 

48 

73. 

93 

100 

114 

147 

163 

185 

212 

230 

256 

271 

274 

291 

313 

380 

395 

405 

433 

437 

450 

458 

466 

472 

475 

477 

500 

502 

511 

516 

523 


"] 


Fall  per 
mile. 


0.0 
0.2 
0.2 
0.3 
0.4 
0.3 
0.2 
0.3 
0.4 
0.5 
0.5 
0.5 
0.3 
0.5 
0.3 
0.1 
0.4 
0.5 
0.7 
0.8 
0.5 
0.5 
0.4 
0.5 
0.5 
0.5 
0.5 
0.5 
0.4 
1.9 
0.3 
0.4 
0.4 
0.6 
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Locality. 


Port  Louisa,  Iowa , 

Muscatine,  Iowa 

Rock  Island,  111.... 

Le  Claire,  Iowa  (rapids) 

Clinton,  Iowa , 

Savanna,  111 , 

Bellevue,  Iowa , 

Dubuque,  Iowa 

Cassville,  Wis 

Prairie  du  Chien,  Wis 

Lansing,  Iowa 

Brownsville,  Minn 

La  Crosse,  Wis 

Winona,  Minn 

Fountain,  Wis 

Minneiska,  Minn , 

Alma,  Wis 

Wabasha,  Minn , 

Red  Wing,  Minn.,  Lake  Pepin 

Hastings,  Minn 

St.  Paul,  Minn 

Mouth  of  Minnesota  River,  Minn 

Minneapolis,  Minn.  (St.  Anthony  falls) 

Anoka,  Minn 

Mouth  of  Elk  River,  Minn 

Monticello,  Minn 

Clearwater,  Minn 

St.  Cloud,  Minn 

Watab,  Minn , 

Mouth  of  Platte  River,  Minn , 

Little  Falls,  Minn 

Mouth  of  Crow  Wing  River,  Minn 

Brainerd,  Minn 

Aitk  in , 

Foot  Grand  Rapids , 

Mouth  of  Leech  Lake  River 

Lake  Winnebagoshish 

Lake  Pemidgi , 

Lake  Itasca 


Distance 

from 
mouth. 


Miles. 
1.530 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


544 
571 
587 
608 
629 
649 
672 
699 
727 
756 
782 
791 
821 
829 
839 
849 
857 
888 
911 
937 
943 
952 
970 
985 
997 
015 
025 
033 
045 
060 
085 
095 
128 
182 
210 
222 
263 
296 


Height 

above 

sea. 


FeeL 

526 

530 

542 

562 

566 

572 

578 

585 

599 

604 

612 

622 

628 

637 

644 

650 

656 

662 

665 

671 

683 

688 

794 

825 

851 

891 

936 

965 

1,001 

1,026 

1,090 

1,145 

1,150 

1,190 

1,248 

1,281 

1,290 

1,355 

1,462 


Fall  per 
mile. 


FuL 
0.3 
0.3 
0.4 
1.2 
0.2 
0.3 
0.3 
0.3 
0.5 
0.2 
0.3 
0.4 
0.7 
0.3 
0.9 
0.6 
0.6 
0.8 
0.1 
0.3 
0.5 
0.8 

11.8 
1.7 
1.7 
3.3 
2.5 
2.9 
4.5 
2.1 
4*.  3 
2.2 
0.5 
1.2 
1.1 
1.2 
0.8 
1.6 
3.2 
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OHIO    RIVEB. 

Ohio  River  drains  nearly  all  of  the  Allegheny  Plateau  from  New 
York  to  Alabama.  Its  two  head  branches,  the  Allegheny  and  Monon- 
gahela,  head  respectively  in  southern  New  York  and  in  West  Virginia, 
and  both  these  streams  have  a  rapid  descent  to  their  point  of  junction 
at  Pittsburg.  From  that  point  to  Cairo,  the  mouth  of  the  Ohio,  the 
slope  of  the  river  is  gentle,  being,  on  an  average,  much  less  than  that  of 
the  Mississippi  between  Minneapolis  and  Cairo.  Its  long  course  of  over 
963  miles  is  broken  by  only  one  fall  of  importance,  that  at  Louisville. 
Its  drainage  basin,  including  all  its  branches,  is  201,720  square  miles. 

Its  branches  upon  the  left  come  out  of  the  Allegheny  Plateau. 
Of  these  streams  one,  however,  Kanawha  River,  heads  far  to  the 
southeast  of  the  plateau  among  the  high  mountains  of  western  North 
Carolina,  and  after  a  tortuous  and  irregular  course  in  these  mountains 
and  among  the  valley  ridges  under  the  name  of  New  River,  it  crosses 
the  Allegheny  Front  and  cuts  a  tremendous  gorge  through  the  plateau. 
Just  below  its  junction  with  the  Gauley,  its  principal  tributary, 
it  flows  over  Kanawha  Falls,  caused  by  the  presence  of  a  bed  of 
hard  sandstone,  lying  nearly  horizontal.  From  the  foot  of  these  falls 
its  slope  is  greatly  reduced,  so  that  it  is  navigable  to  this  point.  The 
Greenbrier  and  Grauley,  which  are  its  main  tributaries,  have  steep 
and  irregular  profiles.  The  Guyandot,  Big  Sandy,  and  Little  Kana 
wha  rivers,  all  of  which  are  tributaries  of  the  Ohio  on  the  left,  head 
in  the  Allegheny  Plateau  and  flow  down  canyons  which  they  have 
cut  in  it. 

The  profiles  of  the  Ohio,  Allegheny,  and  Clarion  are  from  levels  by 
the  Corps  of  Engineers,  U.  S.  A.  That  of  the  Ohio  refers  to  ordinary 
low  water. 


Locality. 


L 


Cairo,  m 

Hillerman,  III  . . . 

Paducah,  Ky 

Sinithland,  Ky . . . 

Bay  City,  111 

Golconda,  111 

Rofliclare,  111 

Weston,  Ky 

Caseyville,  Ky  . . . 
Shawneetown,  111 

Kaleigh,  Ind 

Uniontown,  Ky.. 


Distance 

from 
mouth. 


•\ 


Miles. 

0 

27 

47 

60 

70 

80 

91 

107 

111 

123 

130 


Height 
above 

UAA 


Feet. 
277 
281 
284 
286 
287 
290 
290 
295 
297 
301 
302 


Fall  per 
mile. 


Fui. 


0.1 
0.2 


0.1 
0.1 


0.3 


\ 
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Locality. 


L 


Mount  Vernon,  Ind  . . 
West  Franklin,  Ind  . . 

Henderson,  Ky 

Evansville,  Ind 

Newburg,  Ind 

Enterprise,  Ind 

Owensboro,  Ky 

Rockport,  Ind 

Grand  view,  Ind 

Lewisport,  Ky 

Troy,  Ind 

TellCity,Ind 

Hawsville,Ky 

Cloversport,  Ky 

Stevensport,  Ind 

Derby,  Ind 

Concordia,  Ky 

Reno,  Ind 

Alton,  Ind 

Leavenworth,  Ky 

New  Amsterdam,  Ind 

Mauckport,  Ind 

Brandenburg,  Ky 

New  Albany,  Ind 

Louisville,  Ky 

Utica,  Ind 

Herculaneum 

Bethlehem,  Ind 

Madison,  Ind 

Oarrollton,  Ky 

Vevay,  Ind 

Florence,  Ind 

War8aw,Ky 

Patriot,  Ind 

Rising  Sun,  Ind 

Aurora,  Ind 

Lawrenceburg,  Ind. . . 

Taylorsville,  Ky 

Anderson  Ferry,  Ky. . 

Cincinnati,  Ohio 

New  Palesstine,  Ohio  . 


Distance 

from 

mouth. 


153 
165 
178 
190 
204 
219 
226 
235 
240 
244 
252 
356 
260 
272 
283 
292 
297 
301 
305 
319 
327 
336 
338 
374 
378 
386 
396 
405 
423 
435 
443 
452 
454 
462 
474 
482 
486 
498 
504 
511 
528 


Height 
above 


Fall  per 
mile. 


Fod,. 
308 
312 
316 
318 
320 
326 
328 
330 
331 
333 
335 
337 
348 
340 
340 
343 
346 
346 
347 
349 
353 
354 
356 
367 
394 
395 
399 
399 
401 
404 
408 
411 
411 
413 
420 
425 
425 
429 
429 
431 
437 


1 

0.2 

0.3 

0.2 

1 

0.4 

1- --• 

O.S 

\ 


0.3 


0.2 


0.2 


0.3 
6.7 


0.2 


0.2 


0.3 


0.5 


0.2 


OHIO    BIVER. 


New  Richmond,  Ohio 
Point  PleH^aDt,  Ohio  -. 

Moecow,  Otiio 

Neville,  Ohin 

Chilo,  Ohio  

Utopia,  Ohio , 

Aiigu0bi,Kr 

Higginsport,  Ohio 

Dover.Ohio 

Ripley,  Ohio 

MayBvilli-,  Ky , 

Mwicheater.  Ohio 

WripiilsvitlepOhio  .... 

Home,  Ohio 

Buens  VistA,  Ohio 

I{.«'k|«,rt,Ky 

Quincy,  Ky 

Portemouth,  Ohio 

Sciotoville,  Ohio 

Ironton,  Ohio , 

AshUndjKy  

€erwilo,  W,  Va , 

Huke]ville,Ohio 

Miller,  Ohio 

Gallipolis,  Ohi 

Kaventiwood,  W,  Va  . . 

Portland.Ohio 

ParkereburK, W  Va... 

Marietta,  Ohio 

Newport,  Ohio 

New  Mfttamorati,  Ohio. 

Siatereville,  "W  Va 

Mouudsville.W.  Va  ... 

Wheeling,  W  Va 

Burlington,  Ohio 

Warrenton,  Ohio 

W^llabui^,  W  Va 

Steuben  ville,  Ohio 

Wellav-ille,  Ohio    

East  liverpool,  Ohio .. 

Vanport,  Pa. 

fiaden,Pa 

Kttaburg,  Pa 


573 
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ALLEGHENY  BIYEB. 


Locality. 


Mouth,  Pittsbarg 

Sharpebuiig 

Pittaburg  waterworks 

Springdale 

Tarentum 

Freeport 

Mouth  of  Mahoning  River  . 
Mouth  of  Red  Bank  River  . 
Mouth  of  Clarion  River  . . . 
Mouth  of  East  Sandy  Creek 
Mouth  of  French  Creek 


Distance 

from 
mouth. 


Miles, 

0 

5 

7 

17 

22 

30 

55 

64 

85 

118 

123 


Height 
above 


Feet 
696 
704 
710 
721 
728 
744 
797 
821 
862 
953 
969 


FUlper 
mile. 


Fed. 


1.6 
3.0 
1.1 
1.4 
2.0 
2.1 
2.7 
2.0 
2.8 
3.2 


CLARION  BIVEB. 


Locality. 


Mouth 

Big  falls 

Turnip  Hole  . . . 

Callensburg 

Clarion 

Mill  Creek 

State  road 

Hemlock 

Cooksburg 

Clarington 

Millstone 

Spring  Creek... 
Peach  Bottom  . 
Portland  shoals 


Distance 

from 
mouth. 


Milet. 

0 
3 
12 
18 
32 
38 
42 
46 
48 
53 
58 
69 
80 
86 


Height 
above 


Feet. 

862 

882 

932 

992 

1,042 

1,062 

1,080 

1,095 

1,114 

1,156 

1,181 

1,255 

1,328 

1,378 


Fall  per 
mile. 


Feet. 


6.7 
5.6 
10.0 
3.6 
3.3 
4.5 
3.8 
9.5 
8.4 
5.0 
6.7 
6.6 
8.3 


XrNKTT.] 


KENTUCKY  STREAMS. 
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BOUGH  BIVEB. 

[From  leyelfl  of  the  Corps  of  Englneen,  U.  8.  A.] 


Locality. 


Moath,  Livermore 

Hartford 

Hedge  River 

Comb  of  Hines  dam . . . 
Comb  of  Landrum  dam 
Comb  of  Greens  dam  . . 

Frank  mill 

Lampion  mill 


Distance 

from 
mouth. 


0 
28 
45 
55 
72 
81 
105 
114 


Height 
above 


FoeL 
0 
17 
31 
44 
57 
79 
89 
101 


Fall  per 
mile. 


Feet. 


0.6 
0.8 
1.3 
0.8 
2.4 
0.4 
1.3 


BIG   SANDY   BIVEB. 


[From  levels  by  the  Ck>rpB  of  Engineers,  U.  8.  A.] 


Locality. 


Catlettsburg 

White  Creek  landing 

Tumam  ferry 

Louisa 


Distance 

from 
mouth. 


JTOm. 

0 

8 

13 

26 


Height 
above 


Feet, 
488 
502 
504 
515 


Fall  per 
mile. 


FeeL 


1.8 
0.4 
0.9 


LOUISA   FOBK. 


Louisa 

Peach  Orchard -- 
Red  House  shoal 

Paintville 

Preetonburg 

Laneeville 

Piketon 


Distance 

from 
mouth. 


Miles. 
0 
17 
27 
36 
52 
72 
87 


Fed. 
515 
539 
563 
576 
596 
627 
649 


Fall  per 
mile. 

Fset. 

1.4 

2.4 

1.4 

1.3 

1.6 

1.6 
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TUG   FORK. 


Locality. 


Lonisa, 

Falls,  head. . 
Double  shoal 
Warfield.... 


Distance 

from 
mouth. 


MUa. 

0 

11 

20 

35 


Height 
ahove 


Fed. 
515 
538 
551 
577 


Fall  per 
mile. 


Fed. 


2.1 
1.4 
1.7 


GUYANDOT   RIVER. 


[From  levels  by  the  Corpe  of  Engineers,  U.  S.  A.] 


Locality. 

Distance 

from 
mouth. 

Height 

aboTe 

sea. 

Fall  per 
mile. 

Mouth .. ...... 

Miles. 
0 
13 
25 
31 
42 
54 
64 
75 
82 

FeeL 
497 
523 
539 
549 
562 
584 
599 
627 
645 

1 
FoeL 

2.0 
L3 
1.7 
1.2 
1.8 
L5 
2.5 
2.6 

Roffers  mill .. . ...-. 

Salt  Bock  dam 

Falls 

Laurel  shoals 

Lambert  mill 

Bie  Creek  shoal 

Peck  mill 

Loean - 

KANAWHA   AND  NEW  RIVERS. 


[From  levels  by  the  CSorps  of  Engineers,  U.  S.  A.] 


Locality. 


Mouth  at  Point  Pleasant 
Eighteen-mile  ripple  . . . 

Near  St.  Albans 

Tyler  shoal 

Charleston 

Brownstown 


Distance 

from 
mouth. 


Miles. 
0 
18 
25 
36 
44 
55 
58 
68 


Height 
above 

fiAA 


FeeL 
510 
517 
524 
532 
540 
549 
555 
557 


Fall  per 
mile. 


FeeL 


0.4 
LO 
0.7 
LO 
0.8 
2.0 
0.2 


GANNETT.] 


WEST   VIRGINIA    AND   VIRGINIA    RIVERS. 


47 


KANAWHA   AND   NEW   RIVERS — COntinUcd. 


Locality. 


Cabin  Creek , 

Paint  Creek 

Cannelton 

Foot  of  Kanawha  falls  . 
Mouth  of  Grauley  River 


Mouth  of  East  River . 

Ripplemead 

Churchwood 

Mouth  of  Reed  Creek 

Daughten  ford 

Bridle  Creek 

Weaversf  ord,  forks . . . 


Difftanee 

from 
mouth. 


74 
80 
85 
95 
98 
117 
129 
143 
155 
172 
193 
211 
229 
253 
280 
293 
299 
306 
330 
348 
356 
376 
392 


Height 

ahoYe 

sea. 


Feet. 

565 

572 

585 

617 

650 

1,000 

1,100 

1,200 

1,300 

1,400 

1,500 

1,600 

1,700 

1,800 

1,900 

2,000 

2,100 

2,200 

2,300 

2,400 

2,500 

2,600 

2,700 


Fall  per 
mile. 


Feet. 

1.3 

1.2 

2.6 

3.2 

11.0 

18.4 

8.3 

7.1 

8.3 

5.9 

4.8 

5.6 

5.6 

4.2 

3.7 

7.7 

16.6 

14.3 

4.2 

5.6 

12.5 

5.0 

6.3 
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GAULEY   RIVER. 

[From  the  atlas  sheets  of  the  United  States  Geological  Survey.] 


Locality. 

i 

DLstance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Miles. 

FM. 

FkL 

Mouth  ........ - -. 

0 
10 

650 
700 

5.0 

15 

800 

20.0 

19 

900 

25.0 

23 

1,000 

25.0 

26 

1,100 

33.3 

30 

1,200 

25.0 

33 

1,300 

33.3 

37 

1,400 

25.0 

40 

1,500 

.    33.3 

45 

1,600 

20.0 

49 

1,700 

25.0 

56 

1,800 

14.3 

60 

1,900 

25.0 

65 

2,000 

20.0 

74 

2,100 

11.1 

. 

83 

2,200 

11.1 

93 

2,300 

10.0 

95 

2,400 

50.0 

99 

2,500 

25.0 

Head 

109 

4,000 

150 

GREENBRIER   RIVER. 

(From  the  atlas  sheets  of  the  United  States  Geological  Survey.] 


Locality. 

Distance 

txojn. 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

MUea. 

Fed. 

FheL 

Mouth.  Hiuton 

0 

1,350 

5 

1,400 

10.0 

17 

1,500 

8.3 

31 

1,600 

7.1 

Near  Caldwell - 

48 
51 

1,700 
1,800 

5.9 
33.3 

69 

1,900 

5.6 

86 

2,000 

5.9 

/ 

97 

2,100 

9.1 

SNETT.] 


LITTLE    KANAWHA    AND   TENNESSEE   BIVEBS. 
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LITTLE   KANAWHA   RIVER. 


[From  levels  by  the  Corps  of  Engineers,  U.  8.  A.] 


L(H*ality. 


Parkersburg 

Leachtown 

Elizabeth 

Baffington  shoals 

Nailor  bend 

Moath  of  Anna  Maria  Creek 

Month  of  Pine  Creek 

Grantsville 

Acre  Island 

Cedar  Creek 

Glen  ville 

Stout  mill 

Lomberport 

Bolltown 


Distiince 

from 

mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Miles. 

FoeL 

Fed. 

0 

564 

14 

579 

1.1 

26 

601 

1.8 

44 

613 

0.7 

64 

628 

1.5 

64 

640 

1.2 

76 

655 

1.3 

78 

661 

3.0 

86 

672 

1.4 

96 

688 

1.6 

103 

696 

1.1 

114 

724 

2.5 

122 

742 

2.3 

130 

761 

2.4 

TENNESSEE   RIVER. 

Tennessee  River  heads  in  many  branches,  under  a  variety  of  topo- 
-aphic  conditioilB,  in  the  Appalachian  Valley  and  in  the  mountains 
western  North  Carolina.  Certain  of  the  heads  of  the  Tennessee — 
e  Hiwassee,  the  Little  Tennessee  with  its  branches,  the  Nantahala, 
ickaseegee,  Big  Pigeon,  French  Broad,  and  Nolichucky — rise  in 
is  region.  Among  the  mountains  their  courses  are  steep,  and  they 
aerge  into  the  Appalachian  Valley  through  gorges  cut  in  the  Great 
noky  range.  Below  these  gorges  their  slopes  are  comparatively 
ntle. 

Other  of  its  head  streams,  including  the  Holston,  with  its  branches, 
id  the  Clinch  and  Powell  rivers,  head  in  southwest  Virginia  in  the 
ppalachian  Valley,  and  their  courses,  for  the  most  part,  follow  down 
c^ondary  valleys  on  limestone  foimations,  in  which  they  have  estab- 
;hed  gentle  slopes.  Here  and  there,  however,  these  streams  cut  their 
ly  across  valley  ridges  from  one  of  these  secondary  valleys  to  its 
ighbor,  and  in  these  water  gaps  the  uniformity  of  their  slopes  is 
terrupted  and  rapids  and  falls  result. 

Tennessee  River  is  formed  by  the  union  of  the  Holston  and  French 
road  rivers,  a  few  miles  above  Knoxville.  From  the  point  of  junc- 
>n  it  flows  southwest  down  the  Appalachian  Valley  to  Chattanooga, 
ere  it  turns  abruptly  westward,  cutting  thioxxgiici  \h&  C\>sfiX^^'fSs6sA 

IBB44r-01 ^ 
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Plateau.  A  few  miles  below,  it  receives  the  waters  of  Seqnatchie 
River.  This  stream  flows  in  a  southwest  oourse  throughout,  draining 
a  portion  of  the  plateau. 

The  Tennessee  River  below  Knoxville  has  a  gentle  slope,  averaging 
not  more  than  a  foot  to  a  mile  as  far  as  Mussel  shoals.  Here  the  river 
flows  over  a  succession  of  beds  of  hard  limestone,  which  have  retarded 
its  work  of  erosion  and  given  rise  to  rapids  known  as  Big  and  Little 
Mussel  and  Colbert  shoals.  Below  the  latter  the  river  has  a  very 
slight  fall,  averaging  only  about  three-tenths  of  a  foot  to  a  mile. 

The  drainage  basin  of  Tennessee  River,  including  all  its  branches,  is 
43,897  square  miles. 

The  profile  of  Tennessee  River  is  from  levels  by  the  Corps  of  Engi- 
neers, U.  S.  A.  Those  of  its  branches,  the  Sequatchie,  Hiwassee, 
Little  Tennessee,  Nantahala,  Tuckaseegee,  French  Broad,  Big  Pigeon, 
Nolichucky,  Holston,  Powell,  and  Clinch  rivers,  have  been  made  up 
from  the  atlas  sheets  of  the  United  States  Geological  Survey. 


Locality. 


ra<lucah 

Johnsonville 

Riverton 

Colbert  shoals 

Florence 

Little  Mussel  shoals 

Lock  No.  1 

LockB 

Mlton  bluff 

Decatur 

Guntersville 

Bridgeport 

Shellmound 

The  Skillet 

The  Suck 

Chattanooga  Creek 

Chattanooga 

Charleston 

Rockwood 

Kingston 

Loudon  

Knoxville 

Head,  junction  Holston  and  French  Broad 
rivers 


Distance 

from 
mouth. 

Height 

aboye 

sea. 

MUe8. 

JPfotL 

0 

286 

95 

315 

225 

358 

238 

384 

255 

396 

259 

418 

275 

603 

283 

509 

285 

523 

303 

529 

347 

531 

402 

593 

412 

598 

436 

606 

440 

613 

448 

626 

452 

631 

508 

684 

541 

699 

556 

712 

579 

736 

635 

806 

639 

810 

fttL 


0.3 

0.3   < 

3.3 

0.6 

5.5 

5.3 

0.8   I 

7.0 

0.3 

0.1 

LI 

0.5 

0.3 

L8 

L6 

L3 

0.9 

0.5 

0.9 

LO 

LS 


LO 


OAKMnr.] 


TENNESSEE   BIVEBS. 
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SEQUATCHIE  RIVER. 


Locality. 

Distance 

from 

moath. 

Height 

above 

sea. 

Ffcllper 
mile. 

Month 

Mik*. 
0 
32 
45 
61 
71 

Fffi. 
595 
700 
800 
900 

1,000 

FM. 

3.3 
7.7 
6.25 
10.0 

Near  Dunlap,  Tenn 

HIWA8SEE   RIVER. 


Locality. 


Mouth 

Bean  Mountain  Canyon 
Narrows 

Murphy 

Hayesville 

Above  Hiwassee 

Head 


Distance 

from 

mouth. 


MUu. 

0 

36 

50 

54 

84 

105 

116 

126 


Height 

above 

sea. 


Fed. 
662 
700 
1,000 
1,200 
1,500 
1,800 
2,000 
3,800 


Fallper 
mile. 

Feet. 

0.9 

21.4 

50.0 

10.0 

14.3 

18.2 

180.0 

LITTLE   TENNESSEE   RIVER. 


Locality. 


Mouth  at  Lenoir,  Tenn 
Morgantown 


Mouth  of  Tuckaseegee  River 
Mouth  of  Nantahala  River. . 

Above  Franklin 

Rabun  Gap,  head 


Distance 

from 

mouth. 


Miles. 

0 

12 

35 

40 

43 

47 

55 

65 

71 

77 

82 

104 

118 


u 


\ 


Height 

above. 

sea. 


Feet. 

750 

800 

900 

1,000 

1,100 

1,200 

1,300 

1,400 

1,500 

1,550 

1,700 

2,000 

2,200 


Fall  per 
mile. 


Fret. 


\ 


4.2 
4.3 
20.0 
33.3 
25.0 
12.5 
10.0 
16.6 
8.3 
30.0 
13.6 


\ 
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NANTAHALA  RIVER. 


Locality. 


Mouth 


Head. 


Diitance 

from 

mouth. 


MUet. 
0 
6 
11 
17 
25 
40 


Height 
abOTe 


Fed. 

1,560 

1,700 

2,000 

2,500 

3,000 

4,200 


fkU 


aiiper 
mile. 


Feet. 


25.0 
60.0 
83.3 
40.0 
80.0 


TUCKASEEOEE  RTVER. 


Locality. 


Month 

Bryson 

Dillfiboro . . . 
Tackaseegee 


Distance 

from 
mouth. 


Milea. 
0 
10 
27 
39 
48 


FRENCH   BROAD  RTVER. 


Locality. 


Month,  Knoxville. 

Delrio 

Paint  Rock 

Barnard 

Alexander 

Above  Aflheville  . . 
Horseshoe 

Sassafras  gap,  head 


Distance 

from 
mouth. 


0 

38 

49 

56 

76 

92 

111 

128 

160 

169 


Height 
above 


FbcL 

1,500 

1,753 

2,000 

2,184 

2,700 


Height 
aboye 


Feet. 

810 
1,000 
1,100 
1,200 
1,500 
1,800 
2,000 
2,100 
2,200 
2,800 


Fall  per 
mile. 


FeeL 


15.3 
14.5 
15.3 
57.3 


Fall  per 
mile. 


Feet 


5.0 

9.1 

14.3 

15.0 

18.7 

10.5 

5.8 

3.1 

66. 6 


Ti»" 


NOBTB   CAROUNA    AND   TENNESSEE   RIVEBH. 
BIO  FIOEON  BITXB. 


LoctSUy. 

moDUi. 

Hdghl 
»boTe 

Fuji  per 

MUf. 

t*n. 

Fea, 

Mouth      

0 

e 

980 

1,000 

3.3 

16 

1,100 

a.  2 

State  line,  TenaeflBee  and  North  Carolina  . . . 

24 

1,200 

12.5 

26 

1,300 

50.0 

30 

1,400 

25.0 

M 

1,600 

25.0 

38 

1,600 

26.0 

48 

1,700 

20.0 

49 

1,800 

16.6 

50 

1,900 

100.0 

51 

2,000 

100.0 

54 

2,100 

33.3 

65 

2,200 

100.0 

5S 

2,300 

100.0 

58 

2,400 

60.0 

69 

2,500 

9.1 

74 

2,600 

20.0 

SO 

2,700 

16.6 

fil 

6,600 

264.6 

JiOLlCeOCKr  KITEE. 


DMuce 

Belgbl 

mouth. 

""■ 

Jfao. 

Pat. 

«w. 

Mouth 

0 
30 

975 
1,100 

4.2 

63 

1,300 
1,400 

12.6 

10.0 

85 

1,600 

10.0 

90 

1,700 

20.0 

94 

1,800 

25.0 

96 

1,900 

50.0 

99 

2,000 

33.3 

101 

2,100 

50.0 

102 

2,200 

100.0 

104 

2,300 

50.0 

Junction  North  and  SouUi  Toe  riven 

118 

2,400 

7.1 

123 

2,600 

20.0 

1« 

I     a.Wfi  \  laA 

Head /ioath  Toe  River. 

1« 

\     b,Wft 

\W(..% 
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HOL8TON   RIVER. 


Locality. 


Month,  near  Knoxville 

Near  Morristown 

Spears 

Rotherwood 


DiBtance 

from 

moath. 


Miles. 

0 

78 

105 

117 

143 


Height 
aboTe 


Feel. 
810 
900 
1,000 
1,100 
1,156 


[KO.t 


Fall  per 
mile. 


Fed. 


1.2 
3.7 
8.3 
2.2 


SOUTH   FORK  OF  HOLSTON   RIVER. 


Locality. 


Month 

Mouth  of  Watanga  River  ... 
Blnff 

Month  of  Fifteen-mile  Creek 
Month  of  Middle  Fork 


Distance 

from 

mouth. 


MUea. 
0 
11 
16 
28 
41 
54 
62 
74 
86 


Height 
aboTe 


Feei. 

1,156 

1,200 

1,900 

1,400 

1,500 

1,700 

1,900 

2,100 

2,500 


NORTH   FORK  OF   HOLSTON   RIVER. 


Fall  per 
mile. 


FeeL 


4.0 
20.0 
8.3 
7.7 
15.4 
25.0 
16.6 
3:^.3 


Locality. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Miles. 

Feet. 

FeeL 

Month .  Rothprwood  .,.,,,.t--tt 

0 

1,156 

11 

1,200 

4.0 

21 

1,300 

10.0 

37 

1,400 

6.25 

50 

1,500 

7.7 

64 

1,700 

14.3 

82 

2,000 

16.6 

Head 

92 

3,000 

100.0 

I 
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MIDDLE   FORK  OF  HOLSTON   BIVEB. 


Locality. 


Month 

Seven-mile  ford 
Head 


Distance 

from 

mouth. 


JUlet. 
0 
24 
44 


Height 
above 

wan* 


Fut. 
1,900 
2,000 
2,500 


POWELL   RIVER. 


Fall  per 
mile. 


Feet. 


8.3 
25.0 


Locality. 


Mouth 

Near  JoncBville,  Va 

Big  Stone  Gap 

Near  Norton 


Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

MUet. 

Feet. 

Fed. 

0 

900 

33 

1,000 

3.03 

61 

1,100 

3.6 

91 

1,200 

3.3 

103 

1,300 

8.3 

117 

1,500 

14.3 

129 

2,000 

41.6 

CLINCH   RIVER. 


Locality. 


Mouth,  Kmgston 

Clinton 

Near  Mouth  of  Powell  River 

Sneedville 

Dungannon 

Near  St.  Paul 

Artrip 

Near  Tazewell 


Distance 

from 

mouth. 


Miles. 

0 

52 

88 

116 

128 

155 

177 

187 

207 

234 

249 


Height        p  ,, 
above         ™\f  ^ 
sea.  *""^- 


CUMBERLAND  RIVER. 


Cumberland  River  heads  in  the  Cumberland  Plateau  in  southeastern 
entucky  and  flows  southwestward  in  a  broad  curve  down  into  Tea- 
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nessee,  and  thence  northwestward  to  its  junction  with  the  Ohio.  The 
steep  slope  near  its  head  is  quickly  reduced,  and  over  much  the  greater 
part  of  its  course  its  average  descent  is  scarcely  1  foot  to  a  mile, 
although  it  is  interrupted  in  several  places  by  slight  rapids. 

Its  drainage  basin  comprises  18,573  square  miles. 

The  profile  is  mainly  from  levels  of  the  Engineer  Corps,  U.  S.  A. 


Locality 


Month 

C.  O.  &  S.  W.  R.  R.  bridge 

Glen  wood  landing 

Eddjrville 

Commerce  landing 

Empire  landing 

Blight  landing 

Canton 

Linton 

Brandon  landing 

Carney  landing 

Cumberland  City 

Yellow  Creek  towhead  . . 

Palmyra 

Clarksville 

Seven-mile  Island 

Harrison  landing 

Harpeth  shoals 

Hickman  ferry 

Robertson  Island 

Nashville 

Donelson  ford 

Lindsey  Island 

Grallatin 

Cunningham  Island 

Buzzard  Island 

Whitley  Island 

Hartsville 

Bradley  Island 

Lovell  Island 

Carthage 

Beasley  bar 

Sullivan  Island 

Salt  Lick  Island 


Distance 

from 
mouth. 

Height 

above 

sea. 

Miles. 

FM. 

0 

286 

30 

293 

34 

294 

42 

296 

49 

299 

54 

302 

5S 

304 

61 

306 

72 

309 

81 

312 

91 

319 

104 

325 

109 

327 

115 

328 

126 

331 

132 

334 

143 

341 

156 

362 

166 

363 

177 

364 

189 

366 

206 

374 

223 

387 

236 

392 

247 

399 

257 

404 

265 

410 

276 

415 

284 

423 

294 

432 

305 

440 

318 

448 

323 

450 

339 

461 

Fall  per 
mile. 


IkcL 

0.2 
0.3 
0.3 
0.4 
0.6 
0.5 
0.7 
0.3 
0.3 
0.7 
0.5 
0.4 
0.2 
0.3 
0.5 
0.6 
0.8 
1.1 
0.1 
0.2 
0.5 
0.8 
0.4 
0.6 
0.5 
0.8 
0.5 
1.0 
0.9 
0.7 
0.6 
0.4 
0.7 
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Locality. 


Distance 

from 
mouth. 


Tackett  Island 

Simpson  Island 

Rose  bar , 

Butler  landing , 

Kentucky  and  Tennessee  boundary. 

Sulphur  Lick  shdal , 

Stalcup  Island , 

Cloyd  Island , 

Green  Island , 

Spearman  Island 

Wells  Island , 

Blankenship  Island 

Long  Bottom  Island 

Belks  Island 

Grauns  Island 

Ford  Island 


Point  Bumside. 


Williamsburg 

Prineville 

Forks,  Mount  Pleasant 


345 
353 
364 
373 
386 
393 
407 
410 
432 
439 
450 
457 
461 
472 
487 
507 
513 
516 
548 
558 
587 
645 
678 


Fall  per 
mile. 


Fed. 
466 
475 
478 
489 
497 
502 
508 
513 
527 
529 
535 
542 
546 
554 
570 
580 
585 
586 
700 
800 
900 
1,000 
1,100 


I\eet. 


0.8 

1.1 

0.3 

1.2 

0.6 

0.7 

0.4 

1.7 

0.6 

0.3 

0.5 

1.0 

1.0 

0.7 

1.1 

0.5 

0.8 

0.3 

3.6 

10.0 

3.4 

1.7 

3.0 

KENTUCKY   RIVER. 


Kentucky  River,  like  the  Big  Sandy,  Guyandot,  and  Little  Kanawha, 
heads  in  the  Allegheny  Plateau.  Its  head  branches  have  steep  slopes 
in  the  plateau,  becoming  more  gentle  in  the  Blue  Grass  country. 

The  profile  is  from  levels  by  the  Engineer  Corps,  U.  S.  A. 


Locality. 


Mouth 

Frankfort 

Beattjrville 

Mouth,  Middle  Fork 


Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Mik8. 

Feet. 

Fset. 

0 

410 

65 

452 

0.6 

254 

636 

1.0 

258 

638 

0.5 
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MIDDLE   FORK  OF  KENTUCKY  RIYEB. 


Locality. 


Mouth 

Mouth  of  War  Creek 
Troubleeome  Creek . . 
Brashear's  salt  works 


Distance 

from 
mouth. 


MiUa. 

0 

24 

54 

120 


Height 
above 


FeeL 
638 
681 
731 
935 


Fall  per 
mile. 


Feet. 


1.8 
1.7 
3.1 


NORTH   FORK   OF   KENTUCKY   RIVER. 


Locality. 


Distance 

from  Leath- 

erwood. 


Mouth  of  Leatherwood  Creek 
Mouth  of  Rockhou»e  Creek . . 

Gum  Spring 

Whitesburg 

Mouth  of  Boone  Fork 

Pound  Gap 


Miles. 
0 
9 
21 
27 
38 
45 


Height 

above 

aea. 


FeeL 
935 
994 
1,088 
1,141 
1,252 
2,427 


Fall  per 
mile. 


Feet. 


6.6 

7.8 

8.8 

10.1 

167.9 


SOUTH   FORK   OF  KENTUCKY   RIVER. 


Locality. 


Distance 
from  Leath- 
erwood. 


Beattyville  . 
Booneville.. 
RedBmi... 
CoUms  Fork 


Miles. 

0 

12 

42 

69 


Height 
above 

AAA 


FeeL 
636 
661 
767 
842 


Fall  per 
mile. 


Feet. 


2.1 
3.5 

2.8 


WABASH   RIVER. 

This  branch  of  Ohio  River,  having  a  drainage  basin  of  33,725  square 
miles,  heads  in  northwestern  Ohio  and  flows  west  and  south  to  its 
mouth,  after  a  course  of  517  miles. 

The  profiles  of  Wabash  and  Eel  rivers  were  compiled  by  Mr.  Frank 
Leverett. 
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Locality. 

Distance 

from 
mouth. 

Height 

above 

aea. 

Fall  per 
mile. 

Month 

MUet. 

0 

16 

62 

90 

122 

168 

197 

212 

267 

287 

312 

362 

382 

402 

417 

517 

Ffid. 
311 
323 
365 
377 
399 
425 
441 
448 
470 
487 
506 
583 
636 
667 
699 

1,000 

Ibd. 

0.8 
0.9 
0.4 
0.7 
0.6 
0.6 
0.5 
0.4 
0.9 
0.8 
1.5 
2.7 
1.6 
2.1 
3.0 

Mouth  of  Little  Wabash '. 

Gray  ville 

Mouth  of  White  River 

Vinpennes 

Hutsonville 

State  line 

Terre  Haute 

Covington 

Attica 

Lafayette 

LoioLnsport 

Mouth  of  Mifisiflsinewa  River 

Mouth  of  Salamonie  River 

Huntinffton 

Source 

EEL  RIVER. 


Locality. 


Mouth  at  Logansport .' . 

Railroad  bridge  in  Miami  County 

North  Manchester , 

Liberty  mills 

Collamer 

Columbia 

Source 


Distance 

from 

month. 


Mites. 
0 
30 
45 
50 
58 
70 
85 


Height 

above 

sea. 


Fed. 
583 
688 
721 
750 
768 
816 
850 


Fall  per 
mile. 


FM. 


3.5 
2.2 
5.8 
2.3 
4.0 
2.3 


MUSKINGUM   RIVER. 


Locality. 


Mouth 

Foot  of  Zanesville  dam 
Dresden 


Distance 

from 
mouth. 


Miles. 
0 
76 
91 


Height 

above 

sea. 


Feel. 
570 
674 
700 


Fall  per 
mile. 


Ftet. 


L4 
L6 


m\ 


psuEUB'  «>v  mywoB'  rs  tsk  u^itbu  SFrvTW&, 


rsm.  *L 


0 

I0» 


972 


4.± 
XL 
X7 
2L«i 


niiiiais  Biv^^r  Twesmmrtbas  bemiat  LjikB  IftrtriggiiandflDfiig 
:joiitiKwe9C  t3D  itft  moiidL.  fiist  aboTe  AUznL.    The  dbipe  of  tiiB 
v^ry  '4lTght:  beanie  znnch.  Iei4fr  tiayi  xbat  «if  cbe  JGaHBaippi 
moudL  of  the  mbiaffi^  ris^  ML  ben^anly  IIO  fisec  in  IS^  mfles^ 
three<4eiidi»  of  a  ^miC  p«r  mile. 

The  protile  is  fenun  le^refe  b]r  the  Kngrnqar  Ovpsw  U.  &.  JL 


nrer  is 

the 

aboot 


Pe3rTi.IIl 

Litde  Boek  Dttrv... 

rticxni 

J^tarred  Boek 

BafdOoBock 

<>OM.WS.  ID 

lUmtimWtn.  HI 

BmOmgdaJaiaDd 

SeneoLlll 

a  <k  K.  B.  R.  biidge. 

Mbrria^  111 

Aax  Smbie  towmiiip 
Kmakakee  feeder... 

Adttnedam 

r^fwr  dam,  Joiiet. . 


«ta. 

iW: 

^^'ESL 

a 

-105 

^IHCY 

410 

a  I 

as 

4111 

L.5 

:SK 

4:1^ 

2.0 

1 

4&4 

3.0 

:n   ; 

4g» 

1.7 

:!77    ' 

463 

0.7 

2S4 

475 

L7 

285 

477 

2.0 

2S» 

4M 

L'J 

293 

48« 

0.5 

JOD 

492 

0.^ 

305 

496 

O.S 

310 

oOl 

LO 

:J24 

515 

La 

325     i 

531 

id.(} 
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ROCK   RIVER. 

This  stream  heads  in  southern  Wisconsin  and  flows  south  and  south- 
west to  its  junction  with  the  Mississippi  at  Rock  Island.  Although 
its  profile  is  gentle  throughout,  it  affords  a  number  of  fine  water  pow- 
ers, several  of  which  have  been  improved. 

Its  drainage  basin  is  9,792  square  miles. 

The  profile  is  from  the  report  on  Water  Power  of  the  Tenth  Census. 


Locality. 

Distance 

from 

mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Month  at  Rnck  Ifllfind.  Ill 

• 

MUeB. 

0 

12 

36 

65 

113 

126 

151 

181 

199 

261 

Feel. 
541 
556 
574 
601 
669 
692 
716 
773 
784 
861 

FeH. 

1.3 
0.8 
0.9 
1.4 
1.8 
1.0 
1.9 
0.6 
1.2 

Moath  of  Green  River 

Moath  of  Rock  Creek 

Month  of  Klkbnrn  C>wk 

Month  of  Leaf  River 

Month  of  Kishwaukee  Creek 

Mouth  of  Pecatonica  River 

Month  of  Catfish  River 

Fort  Atkinson 

Ontlet  liftke  Horiron 

RED  RIVER. 

The  Red  River  of  Texas  has  its  source  in  the  northern  part  of  the 
Staked  Plains.  Its  course  for  several  hundred  miles  is  a  little  south 
of  east,  along  the  northern  boundary  of  Texas.  At  Fulton,  Arkansas, 
it  turns  southeast  and  retains  that  general  course  to  its  mouth. 

Throughout  most  of  its  course  this  river  is  graded,  with  a  slope  of 
only  a  few  tenths  of  a  foot  to  the  mile,  and  along  the  south  boundary 
of  Indian  Territory  its  slope  is  less  than  2  feet  per  mile. 

The  drainage  basin  of  Red  River  is  89,970  square  miles,  and  its  length 
considerably  exceeds  1,000  miles. 

The  profile  is  derived  in  part  from  the  levels  of  the  Engineer  Corps, 
U.  S.  A.,  and  in  part  from  levels  by  the  United  States  Geological 
Survey. 
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Distance 

from       ' 
mouth.     I 


Mouth 

Barbre  landing 

BltLck  River 

Ware  landing 

Cassandria 

Caea  landing 

Alexandria 

Colfax 

Bell  landing 

St.  Maurice 

Teesier  landing 

Le  Compte  blaffs. . . 

Coushatta 

Nicock  bayou 

Locust  landing 

Shreveport 

Pandora  bend 

Cottonwood  bayou  . 

Elmer  slough 

Kouns  canal 

Blanton  bluff 

Collins  bluff 

Dukes  bend  landing 

Booker  landing 

Garland 

Person  landing 

Dobson  landing 

Dooley  ferry 

Kye  Smith  landing. 
Fulton,  Ark .,.. 


Western  boundary  of  Oklahoma. 


Miies. 
0 
7 
35 
67 
81 
97 
118 
152 
165 
181 
188 
211 
237 
273 
305 
327 
339 
357 
375 
386 
398 
407 
420 
448 
457 
468 
474 
490 
504 
515 
705 
840 
955 
995 
1,045 


Height 

above 

■ea. 

Fall  per 
mOe. 

Feet, 

F^eL 

4 

4 

0.0 

6 

0.1 

24 

0.6 

34 

0.7 

36 

0.1 

42 

0.3 

52 

0.3 

58 

0.5 

69 

0.7 

72 

0.4 

86 

0.6 

96 

0.4 

125 

0.8 

131 

0.2    , 

138 

0.3 

148 

0.8 

168 

1.1     i 

179 

0.6 

182 

0.3 

186 

0.3 

188 

0.2 

192 

0.3 

197 

0.2 

204 

0.8 

208 

0.4 

212 

0.7 

216 

0.3 

221 

0.4    ' 

1 

227 

0.5 

500 

1.4 

750 

1.8 

1,000 

2.2 

1,250 

6.2 

1,500 

5.0 

OUACHITA    RIVER. 


The  Ouachita  River  heads  in  the  Ozark  Hills  of  western  Arkansas. 
In  that  part  of  its  course  which  lies  within  the  bills  it  flows  in  limestone 
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valleys  between  quartzite  ridges,  and  has  a  considerable  slope.  Upon 
emerging  into  the  level  country  near  Arkadelphia,  Arkansas,  its  slope 
greatly  diminishes,  and  in  its  long  course  thence  to  its  junction  with 
Black  River  the  fall  per  mile  is  very  slight. 

The  profile  is  derived  in  part  from  levels  by  the  Corps  of  Engineers, 
U.  S.  A.,  and  in  part  from  the  atlas  sheets  of  the  United  States  Geo- 
logical Survey. 


Locality. 


Moath 

Harrisonburg 

Monroe 

Mouth  Bartholomew  bayou 

Camden 

Arkadelphia 


Head. 


Distance 

from 
mouth. 


Miles. 
0 
16 
122 
148 
304 
380 
417 
457 
476 
500 
514 
534 
545 


Height 
aboTe 


Feet. 

60 

67 

88 

93 

114 

188 

300 

500 

600 

700 

800 

1,000 

1,750 


Fall  per 
mile. 


Fset. 

0.4 
0.2 
0.2 
0.1 
1.0 
3.0 
5.0 
5.3 
4.2 
7.1 
10.0 
68.2 


ARKANSAS   RIVER. 

• 

This  large  branch  of  the  Mississippi  heads  in  central  Colorado,  in 
the  Rocky  Mountains,  at  an  altitude  of  10,000  feet.  It  flows  first 
south  and  then  east,  getting  clear  of  the  mountains  at  Canyon  City, 
Colorado.  Within  the  mountains  its  slope  is  extremely  steep,  averag- 
ing 40  feet  to  the  mile:  upon  entering  the  plains  its  slope  rapidly 
diminishes,  and  from  Pueblo  as  far  as  the  south  boundary  of  Kansas, 
a  distance  of  600  miles,  it  remains  almost  constant,  with  an  average 
slope  of  7  feet  per  mile.  In  this  part  of  its  course  it  resembles  the 
Platte.  Although  having  a  steep  slope,  it  is  so  heavily  loaded  with 
detritus  that  it  deposits  rather  than  erodes.  It  is  in  effect  a  graded 
stream.  From  Wichita  downward  to  its  mouth  its  slope  constantly 
diminishes,  although  not  uniformly,  and  near  its  mouth  it  has  no 
greater  fall  than  the  Mississippi  in  this  neighborhood. 

The  drainage  basin  of  the  Arkansas  is  185,671  square  miles;  the 
total  length  of  the  river  is  1,497  mile8. 
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The  profile  is  derived  as  far  as  Argenta  from  levels  of  the  Corps  of 
Engineers,  U.  S.  A. ;  thence  to  its  head  from  atlas  sheets  of  the  United 
States  Geological  Survey. 


Locality. 


Mouth 

Cut-off 

Hopedale 

Red  Fork 

Arkansas  Poet 

Auburn 

Little  Bavou  Meto. 

Sarassa 

Bankhead 

Rob  Roy  bridge 

Pine  Bluff. 

McAlister  . . . .' 

Mokes  landing 

Red  Bluff 

Troy  Landing 

Argenta 


Fort  Smith 

Mouth  of  Grand  River 

Mouth  of  Cimarron  River  . . 
Mouth  of  Black  Bear  Creek 

Mouth  of  Salt  Creek 

Kaw  Agency 

Arkansas  Citv 

Oxford 

El  Paso 

Wichita 

Lyons 

Hutchinson 

Nickerson 

Raymond 


Distance 

from 
mouth. 

Height 
above 

ttXkO 

1 
Fall  per 
mile.     1 

Miles. 

Feft. 

IM. 

0 

117 



15 

118 

0.1 

22 

119 

0.1 

27 

121 

0.4 

38 

130 

0.8 

64 

137 

0.3 

71 

141 

0.6 

78 

149 

1.1 

88 

158 

0.9 

101 

161 

0.2 

110 

164 

0.3 

121 

170 

0.5 

133 

176 

0.5 

142 

188 

1.3 

158 

202 

0.9 

176 

216 

0.8 

199 

250 

1.5 

249 

300 

1.0 

307 

350 

0.9 

403 

400 

0.5 

497 

500 

1.1 

584 

652 

1.7 

646 

764 

1.8 

661 

797 

2.2 

723 

933 

2.2 

767 

1,043 

2.5 

792 

1,108 

2.6 

817 

1,177 

2.8 

832 

1,222 

3.0 

853 

1,400 

8.5 

871 

1,500 

5.6 

1           889 

1,600 

5.6 

90ti 

1,700 

5.9 

926 

1,800 

5.0 

942 

1 

1,900 

6.2 
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Locality. 

Distance 

from 

mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

1 

1 

MOet. 

Fed. 

Ftet. 

Lamed ................................ 

958 
973 

2,000 
2,100 

6.2 
6.7 

• 

989 

2,200 

6.2 

1,005 

2,300 

6.2 

,020 

2,400 

6.7 

,036 

2,500 

6.2 

Cimarron 

,051 
,066 

2,600 
2,700 

6.7 
6.7 

Garden. ..- . 

,081 
,159 

2,800 
3,400 

6.7 

7.7 

,172 

3,500 

7.7 

T/ftmar ^  ^,^-r ^-^ 

,187 
,200 

3,600 
3,700 

6.7 
7.7 

214 

3,800 

7.1 

229 

3,900 

6.7 

Robinson 

,240 
,254 

4,000 
4,100 

9.1 
7.1 

269 

4,200 

6.7 

2as 

4,300 

7.1 

,296 

4,400 

7.7 

Mouth  of  Huerfano  River 

,309 

4,500 

7.  7 

Mouth  of  St.  Charles  River 

,322 
,334 
,345 

4,600 
4,700 
4,800 

8.3 
9.1 

Pueblo 

• 

,352 

4,900 

14.3 

,359 

5,000 

14.3 

,370 

5,200 

18.2 

Canyon  

,  375 

5,300 

20.0 

Parkdale 

,385 

5,700 

40.0 

,399 

6,000 

21.4 

Mouth  of  South  Arkansas  River 

,428 
,439 

6,500 
7,000 

17.2 
45.5 

,457 

8,000 

55.6 

'    Granite 

,475 

9,000 

55.6 

Tennessee  pa^,  head 

,497 

10,400 

63.6 

CANADIAN   RIVER. 

This  in  a  long  branch  of  the  Arkansas,  headinfjf  in  Raton  pa^s,  in 
northern  New  Mexico,  and,  flowing  first  south  and  then  east  down  the 
slope  of  the  plains,  it  joins  the  Arkansas  in  Indian  Territory. 

IRR  44—01 6 
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The  profile  is  derived  mainly  from  the  atlas  sheets  of  the  United 
States  Geological  Survey. 


Locality. 


Mouth 


Near  Purcell 

C.  R.  I.  &  P.  R.  R.  crossing 

Canadian 

Tascosa 

Raton  pass,  head 


Distance 

from 
mouth. 

Height 

above 

sea. 

JfOM. 

FeeL 

0 

460 

22 

500 

82 

600 

104 

700 

134 

800 

152 

900 

190 

1,040 

240 

1,200 

435 

2,300 

550 

3,150 

727 

5,972 

745 

6,292 

758 

7,893 

Fall  per 
mile. 


FeeL 


1.8 

1.7 

4.5 

3.3 

5.6 

3.7 

3.2 

5.6 

7.4 

15.9 

17.8 

123.2 


NEOSHO   RIVER. 

Neosho  River  heads  in  Kansas,  not  far  east  of  the  center  of  the 
State,  and  flows  at  first  eastward  and  then  southward  to  its  junction 
with  the  Arkansas  in  Indian  Territory.  Its  course  of  346  miles  is 
mainly  through  a  prairie  region,  and  its  profile  departs  but  little  from 
a  normal  one.  * 

The  profile  is  derived  from  the  atlas  sheets  of  the  United  States 
Geological  Survey. 


Locality. 


Mouth 

Markham  ferry,  Ind.  T 

Above  Oswego,  Kans 

Humboldt 

Leroy 

Ottumwa 

Emporia 

Council  Grove 

Head 


Distance 

from 

mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Mile*. 

Feet. 

/Vd. 

0 

470 

12 

500 

2.5 

42 

550 

1.7 

69 

600 

1.8 

177 

800 

1.8 

206 

850 

1.7 

228 

900 

2.3 

255 

950 

1.8 

274 

1,000 

2.6 

296 

1,050 

2.3 

310 

1,100 

3.6 

326 

1,200 

6.25 

346 

^      1,500 

15.0 

GANNETT.] 
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YERDIOBIS  RIVER. 

This  river  heads  in  southeastern  Elansas  and  flows  nearly  south  to 
its  junction  with  the  Neosho,  in  the  northern  part  of  Indian  Territory. 
It  drains  a  region  mainly  composed  of  prairie  land.  The  river  has 
slight  fall  except  near  its  head,  and  with  the  exception  of  one  point 
in  its  course  it  has  a  symmetrical  profile. 

The  profile  is  derived  from  the  atlas  sheets  of  the  United  States 
Geological  Survey. 


Locality. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

JTOm. 

Ftd, 

Ft€L 

Moath .-- 

0 
11 

475 
500 

2.3 

60 

550 

1.02 

105 

6oa 

1.1 

133 

650 

1.8 

154 

700 

2.4 

179 

750 

2.0 

185 

800 

8.3 

206 

850 

2.4 

231- 

900 

2.0 

242 

950 

4.5 

248 

1,000 

8.3 

258 

1,100 

10.0 

265 

1,200 

14.3 

Head 

275 

1,500 

30.0 

WHITE  RIVER. 

This  stream  heads  in  northwestern  Arkansas,  in  the  Ozark  Plateau, 
and  flows  southeastwardly  through  it  in  a  canyon,  with  a  steep  slope. 
Emerging  from  the  plateau,  it  flows  southward  through  the  alluvial 
region  of  southeastern  Arkansas  to  its  junction  with  Mississippi  River, 
at  the  mouth  of  the  Arkansas.  Its  slope  throughout  the  alluvial 
region  is  extremely  gentle.    Its  drainage  basin  is  27,925  square  miles. 

The  profile  is  derived  mainly  from  the  atlas  sheets  of  the  United 
States  Geological  Survey. 


Locality. 


Moath 

Jacksonport  . 
Grigsby  ferry 


Distance 

from 

mouth. 


MUm. 


0 
330 
380 
410 
439 
463 
487 
^m 


Height 

above 

sea. 


Fall  per 
mile. 
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ST.  FRANCIS  RIVER. 

This  stream  heads  in  southeast  Missouri  and  flows  nearly  south  to 
its  junction  with  the  Mississippi,  in  eastern  Arkansas.  Nearly  all  its 
course  is  in  low  bottom  lands  of  the  Mississippi  River,  and  its  slope  is 
extremely  gentle. 

The  profile  comes  from  levels  by  the  Mississippi  River  Commission. 


Locality. 


Mouth,  Ark 

Wittsburg,  Ark 

Ebdy,  Butler  County,  Mo 
Ironton,  Mo 


Distance 

from 
mouth. 


Miles. 

0 

135 

308 

438 


Height 

above 

sea. 


FixL 
144 
161 
314 
887 


Fall  per 
mile. 


I\Kt. 


0.1 
0.9 
4.4 


MERAMEC    RIVEB. 


This  is  a  small  branch  of  the  Mississippi,  in  eastern  Missouri.  It 
heads  in  the  Ozark  Plateau,  and  flows  generally  northeastward  to  its 
mouth,  just  below  St.  Louis. 

The  profile  is  derived  from  levels  of  the  Engineer  Ciorps,  U.  S.  A. 


Locality. 


Mouth 

Mouth  of  Big  River 

Mouth  of  Bourbeuse  River 
Mouth  of  Courtois  River. . 
Head 


Distance 

from 
mouth. 


MUra. 

0 

56 

84 

134 

174 


^ejKh*        Fall  per 
»^^«  mne. 


Feei, 
365 
407 
458 
615 
755 


FeeL 


0.8 
1.8 
3.1 
3.5 


MISSOURI   RIVER. 

Missouri  River  has  its  source  in  southwest  Montana,  in  three  large 
branches — the  Jefferson,  Madison,  and  Gallatin — which  meet  at  the 
Three  Forks.  These  three  streams  have  steep  descents,  mainly  through 
mountainous  regions,  but  from  its  head,  at  the  Three  Forks,  the  Mis- 
souri has  a  long  course  down  the  incline  of  the  Great  Plains,  with  a 
gentle  slope,  which  is  broken  at  only  one  point — Great-Falls — by  a  suc- 
cession of  falls  and  rapids,  in  the  course  of  which  it  descends  nearly 
200  feet.  Below  these  falls  it  has  the  characteristics  of  a  giiided  river, 
flowing  through  a  broad  bottom  land,  with  wide  cur\'es  and  numerous 
shifts  of  its  course.  These  characteristics  become  more  and  more 
marked  in  descending  the  river,  accompauied  by  a  gradually  diminish- 
ing'  slope. 
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Its  drainage  basin,  including  all  its  branches,  is  527,155  square  miles. 

The  profile  of  Missouri  River,  from  its  mouth  to  the  Three  Forks, 
in  Montana,  is  from  levels  of  the  Missouri  River  Ciommission.  Those 
of  the  Jefferson,  Madison,  and  Grallatin  rivers  are  from  atlas  sheets  of 
the  United  States  Geological  Survey. 


Locality. 


Mouth 

Jamestown  landing,  Mo 

St.  Charles,  Mo 

Ck>ttleville  Landing,  Mo 

Washington,  Mo 

Hermann,  Mo 

Fishers  landing,  Mo 

Jefferson  City,  Mo 

Providence,  Mo 

Boonville,  Mo 

Glasgow,  Mo 

New  Frankfort,  Mo 

Dewitt,  Mo 

Waverly,  Mo 

Lexington,  Mo 

Camden,  Mo 

Missouri  City,  Mo 

Kansas  City,  Mo 

Leavenworth,  Kans 

Atchison,  Kans 

St.  Joseph,  Mo 

White  Cloud,  Kans 

Brownsville,  Nebr 

Nebraska  City,  Nebr 

Plattsmouth,  Nebr 

Omaha,  Nebr 

Blair,.  Nebr 

Decatur,  Nebr 

Sioux  City,  Iowa 

Vermilion,  S.  Dak 

Mouth  of  James  River,  S.  Dak 

Yankton,  S.  Dak 

Running  Water,  S.  Dak 

Fort  Randall,  S.  Dak 

Chamberlain,  S.  Dak 


Distance 

from 
mouth. 


\ 


MOet. 
0 
9 
28 
44 
71 
103 
124 
151 
180 
206 
237 
252 
267 
299 
322 
337 
363 
391 
422 
448 
479 
525 
578 
608 
634 
660 
695 
745 
807 
855 
888 
898 
929 
909 
1,058 


Height 

above 

sea. 


\ 


Fed. 

395 

403 

416 

437 

158 

479 

502 

523 

545 

564 

591 

602 

614 

645 

664 

678 

695 

716 

742 

765 

790 

829 

875 

908 

940 

960 

986 

1,033 

1,077 

1, 131 

1,150 

1,161 

1,203 

1,236 


Fall  per 
mile. 


Feet. 


0.9 
0.7 
1.3 
0.8 
0.7 
1.1 
0.8 
0.8 
0.7 
0.9 
0.8 
0.8 
1.0 
0.8 
0.9 
0.7 
0.8 
0.8 
0.9 
0.8 
0.8 
0.9 
1.1 
1.2 
0.8 
0.7 
0.9 
0.7 
1.1 
0.6 
1.1 
1.4 
0.8 


\""\ 
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Locality. 


« 

Mouth  of  Cheyenne  River,  8.  Dak 

Bismarck,  N.  Dak 

Mouth  of  Little  Missouri  River 

Williston,  N.  Dak 

Mouth  of  Yellowstone  River,  N.  Dak 

Mouth  of  Poplar  River,  Mont 

Mouth  of  Milk  River,  Mont , 

Mouth  of  Marias  River,  Mont 

Fort  Benton,  Mont 

Mouth  of  Portage  River,  Mont 

G  reat  Fal  Is,  M  o 

Mouth  of  Sunrise  River,  Mo 

Townsend,  Mo 

Three  Forks,  Mo 


1 

Distance 

from 

mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

1 

Miles. 

Fed. 

F\xL 

1,112 

1,460 

2.5 

;       1,239 

1,618 

L2 

1,371 

1,740 

0.9 

1,509 

1,825 

0.6 

1,549 

1,855 

0.8 

1,647 

1,935 

0.8 

1,726 

2,020 

1.1 

2,052 

2,545 

1.6 

2,074 

2,565 

0.9 

2,099 

2,783 

8.7 

2,111 

3,295 

42.7 

2,123 

3,299 

0.3 

2,295 

3,793 

2.9 

2,340 

4,000 

4.6 

JEFFERSON   RIVER. 


Locality. 

Distance 

from 

mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Three  Forks,  mouth 

Miles. 

0 

24 

56 

66 

Fed. 

4,000 

4,200 

4,400 

4,600 

Frd. 

8.3 

6.3 

20.0 

BIGHOLE   BIVEB. 


Locality. 

Distance 

from 

mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Mouth 

Miles. 
0 
16 
31 
43 
54 
64 

Fed. 

4,600 

4,800 

5,000 

5,200 

5,400 

5,600 

Fed. 

12.5 
13.3 
16.7 
18.2 
20.0 

OANNRTT.] 


MONTANA    RIVERS. 


71 


BEAVERHEAD  RIVER. 


locality. 

Distance 

from 

mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Moutii 

Miltg. 
0 
19 
31 
51 
61 

4,600 
4,800 
5,000 
5,200 
5,400 

10.5 
16.7 
10.0 
20.0 

BIADISON    RIVER. 


Locality. 

Distance 

from 

mouth. 

Height 

above 

sea. 

Fall  piT 
mile. 

Three  Forks,  mouth 

0 
11 
21 
29 
40 
54 
63 
69 
79 

FM. 
4,000 

4,200 

4,400 

4,600 

4,800 

5,000 

5,200 

5,400 

5,600 

FrH. 

18.2 
20.0 
25.0 
18.2 
14.3 
22.2 
33.3 
20.0 

1 

GALLATIN   RIVER. 


liOcality. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  jHir 
mile. 

Mllen. 

Feet. 

Fret. 

Thrw  Fnrl^H,  mn^ith .  _     _   

0 

4,000 

12 

4,200 

16.7 

20 

4,400 

25.0 

24 

4,600 

50.0 

28 

4,800 

50.0 

34 

5,000 

33.3 

40 

5,200 

33.3 

44 

5,400 

50.0 

51 

5,600 

28.6 

59 

5,800 

25.0 

65 

6,000 

33.  3 

69 

6,200 

50.0 

73 

6,400 

50.0 

77 

6,600 

50.0 

8S 

i      ^,«» 

•^.•^ 

\    n,^JWi 
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08AQE   RIVER. 

Osage  River  heads  in  eastern  Kansas,  under  the  name  of  Marais  des 
Cygnes.  Its  slope  throughout  its  course,  of  nearly  600  miles,  is  very 
gentle;  indeed,  for  three-fourths  of  it  it  is  less  than  a  foot  to  a  mile. 
This  portion  of  Kansas  is  mainly  through  a  prairie  region,  and  here  it 
is  interrupted  by  marshes.  In  Missouri  the  river  is  extremely  wind- 
ing, in  great  curves,  which  are  deeply  incised. 

The  profile  is  derived  from  the  atlas  sheets  of  the  United  States 
Geological  Survey. 


Locality. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Mouth,  Osaffe  City 

MiUa. 

0 

12 

85 

148 

216 

280 

360 

402 

434 

486 

494 

FuL 
520 
524 
550 
600 
650 
700 
750 
800 
850 
950 

1,000 

FeeL 

0.3 
0.4 
0.8 
0.7 
0.8 
0.7 
1.0 
1.6 
1.9 
6.3 

Foot  of  Rice  Island 

Mouth  of  Big  Gravois  Creek 

Near  Crittenden 

Near  Rockville 

Near  Pleasanton 

* 

Ottawa 

.  Near  Melvem 

Near  Olivet 

KANSAS   RIVER. 

The  Kansas  River  and  its  branches,  Smoky  Hill  and  Republican 
rivers,  are  streams  of  the  plains,  heading  in  eastern  Colorado  and 
flowing  down  the  long  eastern  slope  of  the  country.  Their  courses  are 
throughout  gentle,  although  a  little  steeper  toward  the  head,  and  le^ 
so  in  their  lower  courses. 

Their  drainage  basins,  comprising  altogether  59,256  square  miles, 
are  treeless,  except  on  the  lower  course  of  the  main  riv^er. 

These  profiles  are  from  the  atlas  sheets  of  the  United  States  Geo- 
logical Survey. 
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Locality. 


Kansas  City,  mouth 

Tiblow 

Lawrence 

Topeka 

St.  Mary 

Wamego 

St  George 

Manhattan 

Junction  City 

Abilene 

Solomon 

Salina 

Ellsworth 


Wallace 


Distance 

from 
mouth. 


MUet, 
0 
20 
50 
87 
123 
139 
150 
160 
191 
254 
274 
310 
353 
378 
408 
436 
463 
479 
496 
512 
528 
544 
654 


Height 

above 

sea. 


Feet. 

720 

754 

796 

864 

925 

959 

977 

996 

1,080 

1,100 

1,125 

1,200 

1,300 

1,400 

1,500 

1,600 

1,700 

1,800 

1,900 

2,000 

2,100 

2,200 

3,280 


REPUBLICAN   lilVEB. 


Locality. 


Mouth  at  Junction  City. 

Near  Clay  Center , 

Lawrenceburg 


Distance 

from 
mouth. 


Near  Boetwick . , 
Near  Red  Cloud 
Near  Franklin  . 
Republican 


Edson. 


Fall  per 
mile. 


Feet. 


1.7 
1.4 
1.8 
1.7 
2.1 
L6 
1.9 
2.7 
0.3 
L3 
2.1 
2.3 
4.0 
3.3 
3.6 
3.7 
6.2 
5.9 
6.2 
6.2 
6.2 
9.8 


\ 
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PLATTE  RIVER. 

Platte  River  beads  in  Colorado  in  two  branches,  North  and  South 
Platte.  The  former  has  its  source  in  North  Park  and  the  mountains 
adjacent  and  has  a  steep  descent  within  the  mountains,  dropping  to 
6  or  7  feet  per  mile  when  it  enters  the  plains.  The  South  Platte  heads 
in  the  mountains  at  the  north  end  of  South  Park  and  enters  the  plains 
just  above  Denver.  Within  the  mountains  its  slope  is  extremely 
3teep  and  irregular,  but  upon  reaching  the  plains  it  suddenly  dimin- 
ishes greatly,  falling  to  8  or  9  feet  to  the  mile.  These  two  branches 
meet  at  North  Platte,  and  below  their  junction  the  Platte  has  an 
average  fall  of  about  6  feet  per  mile,  maintaining  that  slope  with 
remarkable  uniformity.  The  river  is  a  peculiar  one  in  the  fact  that  it 
has  a  relatively  steep  slope  and  an  extremely  straight  course,  while 
at  the  same  time  it  is  building  up  its  bed.  This  peculiarity  is  due  to 
the  fact  that  it  is,  taking  the  year  as  a  whole,  an  overloaded  stream. 
It  is  subject  to  great  fluctuations  in  volume.  In  the  springtime,  when 
the  mountain  snows  are  melting,  it  is  a  river  a  mile  in  width,  and 
although  rather  shallow  carries  a  large  body  of  water,  while  at  other 
times  of  the  year  it  is  almost  or  quite  dry. 

The  drainage  basin  of  Platte  River  comprises  90,011  square  miles. 

The  profiles  of  the  Platte  and  its  branches  are  from  the  atlas  sheets 
of  the  United  States  Geological  Survey. 


L 


Locality. 


Mouth 


Central  City 


Kearney. 


Lexington 


NoHh  Platte 


Distance 

from 
mouth. 

Height 
above 

Fall  per 
mile. 

MUes. 

Ftet. 

Fset. 

0 

940 

15 

1,000 

4.0 

38 

1,100 

4.3 

63 

1,200 

4.0 

81 

1,300 

^  5 

101 

1,400 

5.0 

118 

1,500 

5.9 

133 

1,600 

6.7 

149 

1,700 

6.3 

161 

1,800 

8.3 

176 

1,900 

6.7 

191 

2,000 

6.7 

206 

2,100 

6.7 

221 

2,200 

6.7 

237 

2,300 

6.3 

253 

2,400 

6.3 

270 

2,500 

5.9 

282 

2,600 

8.3 

300 

2,700 

5.6 

I          315 

^     2,800 

6.7 

OAKNETT.]         NORTH   PLATTE   AND   SOUTH   PLATTE   BIYEBS. 
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NOBTH  PT.ATT>:  BIVEK. 


Locality. 


Mouth,  iM>ar  North  Platte, 


(•amp  (/lark. 


Fort  Jjaramie 


Douglafl  . . 

Casper 

Fort  SU»ele 


Distance 

from 
mouth. 


0 
15 
145 
161 
177 
193 
208 
22G 
239 
251 
265 
275 
310 
370 
510 


SOUTH   PLATTE   RIVER. 


Locality. 


Mouth,  near  North  Platte 

Ogalalla 

Big  Spring 

Denver  Junction 

Sedgwick 

Crook 

Iliff 

Sterling 

Merino 

Snyder 

Orchard 

Hardin 

J.<a8alle 

Nantes 

Platteville 

Lupton 

Brighton 


Distance 

from 
mouth. 


MUeg. 

0 

51 

70 

81 

96 

111 

127 

138 

151 

168 

199 

216 

232 

239 

244 

253 

260 


Height 

above 

sea. 


Fall  per 
mile. 


2,800 
2,900 
3,700 
3,800 
3,900 
4,000 
4,100 
4,200 
4,300 
4,400 
4,500 
4,600 
4,827 
5,100 
6,500 


Height 

above 

Kea. 


Fed. 

2,800 

3,209 

3,364 

3,456 

3, 571 

3, 695 

3, 820 

3,920 

4,021 

4,160 

4,391 

4,513 

4.66:^ 

4,732 

4,807 

4,891 

4,968 


FM. 


6.7 
6.2 
6.3 
6.3 
6.3 
6.7 
5.5 

►»  r- 
i.    I 

8.3 
7.1 

10.0 
6.5 
4'.  6 

10.0 


Fall  per 
mile. 


J-Yet. 


8.0 
8.2 
8.4 

p.  mm 
t.     I 

8.3 
7.8 
9.0 
7.8 
8.2 
7.5 


7.2 


9.4 
9.9 

15.0 
9.3 

11.0 
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Locality. 


Henderson 

Denver 

Platte  Canyon 

South  Platte 

Mouth  of  Tarryall  Creek  . . . 

Foot  of  upper  canyon 

Head  of  upper  canyon 

Mouth  of  Little  Platte  River 

Above  Fairplay 


Distance 

from 

mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Miles. 

Fed. 

FuL 

265 

5,023 

11.0 

288 

5,170 

6.4 

308 

5,492 

16.1 

317 

6,085 

65.9 

332 

6.500 

27,7 

347 

7,000 

33,3 

354 

7,500 

71.4 

365 

8,000 

45.5 

375 

8,165 

16.5 

380 

8,500 

67.0 

386 

8,683 

30.5 

405 

9,000 

16.7 

415 

9,500 

60.0 

427 

10,000 

41.7 

YELLOWSTONE   RIVER. 

Yellowstone  River  heads  in  the  mountains  above  Yellowstone  Lake, 
flowing  into  the  lake  at  the  head  of  its  southeastern  arm.  On  emerg- 
ing from  the  lake  the  river  has  a  very  gentle  slope  for  a  few  miles, 
then  plunges  over  two  falls,  the  upper  fall  90  feet  and  the  lower  325 
feet.  Thence  follows  a  succession  of  canyons  in  volcanic  rock,  iu 
which  the  river  has  a  rapid  descent.  At  Livingston  it  turns  from  its 
northern  course  to  the  east  and  flows  through  a  broad  valley  with  a 
diminishing  slope  to  its  mouth  at  Fort  Buford. 

The  profile  is  in  large  part  from  the  levels  of  the  Northern  Pacific 
Railway. 


Ixxiality. 


Mouth 

Diamond  Island  . . . 

Beef  slough 

Reno  ]>end 

Monroe  rapids 

Walker  Island  shoal 

De  Russy 

White  sand . . 

McEwens  rapids  . . . 


DiHtance 

from 
mouth. 


Height 

above 

sea. 


Fall  per 
mile. 

IbeL 

2.0 

2.1 

2.7 

2.8 

2.9 

2.0 

2.5 

2.4 
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Locality. 


Mouth  of  Powder  River 

Baker  rapids 

Buffalo  rapids 

Keogh,  ferry  at  Tongue  River . . . 

Benteen  Island 

Rosebud 

Big  Porcupine  Creek 

Head  of  Rosebud  Island 

Mouth  of  Bighorn  River 

Junction  City 

N.  P.  R.  R.  crossing,  near  Billings 

Stillwater 

W.  P.  R.  R.,  second  crossing 

Gray  Cliff 

Big  Timber 

Springdale 

Livingston 

Head  of  lower  canyon 

Chicory 

Foot  second  canyon 

Foot  of  lower  falls 

Top  of  upper  falls 

Yellowstone  Lake 


Distance 

from 
mouth. 


MUtM, 
137 
144 
163 
176 
196 
215 
234 
252 
274 
279 
331 
373 
385 
400 
413 
427 
446 
456 
468 
486 
533 
552 
553 
569 


Height 
above 

AAA 


Fut. 
2.200 


2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
6 
7 
7 


224 
300 
355 
402 
465 
522 
583 
668 
696 
079 
560 
676 
847 
072 
190 
437 
600 
800 
000 
000 
300 
725 
741 


Fall  per 
mile. 


Feet. 

4.5 

3.4 

4.0 

4.2 

2.3 

3.3 

3.0 

3.4 

3.9 

5.6 

7.4 

11.5 

9.7 

11.4 

17.3 

8.4 

13.1 

16.3 

16.7 

11.1 

21.3 

68.4 

425.0 

1.0 


MILK  RIVER. 


This  is  a  long  branch  of  Missouri  River,  in  northern  Montana.  It 
heads  in  the  plains  near  the  international  boundary,  and  flows  in  a 
course  generally  a  little  south  of  east,  to  its  mouth.  Its  slope  conforms 
to  that  of  the  plains,  averaging  about  2  feet  per  mile. 


Locality. 


Mouth 

Glasgow,  2  miles  above 

Malta 

Yantie 


Distance 

from 
mouth. 


0 

22 

106 

184 


Height 
above 


Feet. 

2,020 

2,055 

2,220 

2,415 


Fall  per 
mile. 


Fut. 


1.6 
2.0 
2.5 
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JAMES  RIVER. 

James  River,  of  the  Dakotas,  is  a  stream  of  the  plains,  flowing 
through  its  entire  course  in  a  region  recently  occupied  by  the  great 
northern  glacier.  It  heads  in  North  Dakota  and  flows  nearly  south 
433  miles,  to  its  junction  with  Missouri  River  at  Yankton.  Its  entire 
course  is  newly  occupied  and  the  river  has  made  but  little  progre*;®  in 
erosion.  It  follows  closely  in  its  profile  the  slopes  of  the  country, 
which  are  very  gentle. 

The  profile  is  derived  from  the  atlas  sheets  of  the  United  States 
Geological  Survey. 


Locality. 


Mouth 

Olivet,  4  miles  above 


Grand  Rapids 

Dickey,  2  miles  above  . . . 

Jamestown,  3  miles  below 

Jim  Lake 

Arrowhead  Lake 

New  Rockf ord 


Distance 

from 
mouth. 

Height 

above 

sea^ 

Fall  per 
mile. 

1 

Miles. 

Feet. 

IM. 

0 

1,150 

42 

1,180 

0.7 

64 

1,200 

0.9 

105 

1,220 

0.5 

172 

1,240 

0.3 

211 

1,260 

0.5 

265 

1,280 

0.4 

315 

1,300 

0.4 

326 

1,320 

L8 

334 

1,340 

2.5 

348 

1,360 

1.4 

358 

1,380 

2.0 

382 

1,435 

2.3 

394 

1,440 

0.4 

433 

1,502 

L6 

• 

DES  MOINES  RIVER. 


This  river  beads  in  southwest  Minnesota  and  flows  in  a  southeast 
course  across  Iowa  to  its  junction  with  the  Mississippi  at  Keokuk.  Its 
slope  is  gentle  throughout  its  course  and  fairly  uniform. 

Its  drainage  basin  is  14,652  square  miles. 


Locality. 


Mouth,  Keokuk,  Iowa 

Ottumwa,  Iowa 

Des  Moines,  Iowa 

Moingona,  Iowa 

Southeast  part  of  Webster  County,  Iowa.  .. 

Fort  Dodge,  Iowa 

Windom,  Minn 


\ 


Distance 

from 
mouth. 


MUes. 
0 
94 
205 
245 
269 
300 
411 


Height 

above 

sea. 


Feet. 
476 
636 
786 
877 
921 
964 

1,329 


Fall  per 
mile. 


Feet, 


1.7 
1.4 
2.3 
1.8 
1.4 
3.3 
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IOWA   RIVER. 


This  branch  of  the  Mississippi  heads  in  northern  Iowa  and  flows 
southeast  to  its  mouth.  Its  course  is  through  a  prairie  region  and  its 
slope  is  gentle  throughout. 


Locality. 


Mouth  ... 
Iowa  City 
Montour. . 
Iowa  Falls 


Distance 

from 
mouth. 


Miles. 

0 

60 

150 

215 


Height 
above 


Feet. 
522 
607 

845 
1,007 


Fall  per 
mile. 


Feet. 


1.4 
2.6 
2.5 


SKUNK   RIVER. 


A  branch  of  Mississippi  River  in  eastern  Iowa.    This  stream  shows, 
so  far  as  the  data  at  hand  indicates,  a  very  regular  profile. 


LocaUty. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Mouth 

Miles. 

0 

38 

146 

182 

203 

FeeL 
505 
550 
750 
907 

l,a56 

Feet. 

1.2 
1.9 
4.4 
7.1 

Rome 

Vowell 

Ames 

• 

Southeast  part  of  Hamilton  County 

MINNESOTA   RIVER. 

This  river  heads  in  Bigstonc  Lake,  on  the  boundary  between  Minne- 
sota and  South  Dakota.  After  a  long  course  to  the  southeast  it  turns 
sharply  northward  and  joins  the  Mississippi  near  Minneapolis.  Its 
slope  throughout  is  extremely  gentle,  ranging  from  one-tenth  of  a  foot 
per  mile  to  two  and  eight-tenths,  and  with  an  average  slope  for  its 
entire  length  of  249  miles  of  only  one  and  one-tenth  feet  per  mile. 
Throughout  its  course  the  river  flows  in  a  bottom  land  of  considerable 
breadth,  entirely  out  of  proportion  to  the  size  of  the  present  stream, 
indicating  that  in  former  times  a  much  larger  river  excavated  its 
present  valley.     Its  drainage  basin  is  16,000  square  miles. 
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The  profile  is  from  levels  by  the  Corps  of  Engineers,  U.  S.  A. 


Locality. 


Mouth 

Shakopee 

Carver 

Jordan  ferry 

Belleplaine 

Blakeley 

Henderson 

Lesueur  

Ottawa 

St.  Peter 

Mankato 

South  Bend 

Fort  Ridgely 

Mouth  of  Redwood  River 

Mouth  of  Yellow  Medicine  River 

Mouth  of  Chippewa  River 

Lac  qui  Parle 

Mouth  of  Pomme  de  Terre  Creek 
Bigstone  Lake 


Distance 

from 
mouth. 


Miles, 

0 

26 

33 

41 

52 

60 

73 

82 

90 

97 

115 

ll9 

131 

146 

173 

197 

211 

227 

249 


Height 

above 

sea. 


FeeL 
6S8 
689 
691 
693 
697 
701 
711 
716 
723 
731 
753 
758 
791 
815 
859 
923 
938 
946 
976 


Fall  per 
mile. 


FeeL 


0.3 
0.3 
0.4 
0.5 
0.8 
0.6 
0.9 
1.1 
1.2 
L3 
2.8 
1.7 
1.6 
2.7 
1.1 
0.5 
1.4 


RED  RIVER. 

Red  River,  of  Minnesota,  heads  in  Lake  Traverse,  and  forms  the 
boundary  line  between  Minnesota  on  the  east  and  the  Dakotas  on  the 
west  as  far  as  the  international  boundary.  Its  course  from  its  head 
to  its  mouth  in  Lake  Winnipeg  is  very  nearly  north. 

The  profile  is  from  levels  by  the  Corps  of  Engineers,  IT.  S.  A. 


Locality. 


z 


Mouth,  Lake  Winnipeg 

Boundary  line 

Pelican 

Turtle  River 

Grand  Forks 

Frog  Point 

Goose  Rapids 

Moorhead 

Fort  Abercrombie 

Breckenridge 

Fergus  Falls 


Distance 

from 
mouth. 


Mil€8. 

0 
120 
168 
238 
263 
298 
320 
418 
489 
515 
548 


Height 

above 

sea. 


Fed. 
710 
753 
762 
783 
789 
811 
823 
874 
912 
948 

1,156 


Fan  per 

mile. 

Fert. 

0.4 

0.2 

0.3 

0.2 

0.6 

0.5 

0.5 

0.5 

1.4 

6.3 
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COLORADO  RIVER. 

Colorado  River  drains  a  peculiar  region.  While  most  of  its  water 
comes  from  high  mountain  ranges,  the  greater  part  of  its  course,  as 
well  as  the  courses  of  its  tributaries,  lies  in  the  plateau  region,  an  area 
of  horizontal  or  slightly  inclined  plateaus,  bordered  by  cliffs,  in  which 
the  streams  flow  in  steep-walled  canyons;  an  area  sparsely  covered 
with  soil  and  containing  little  vegetation.  It  is  a  region  of  slight 
rainfall,  and  the  streams  lose  rather  than  gain  in  volume  of  water  in 
traversing  it.  Colorado  River  heads  in  two  main  branches — Green  and 
Grand  rivers.  The  sources  of  Green  River  are  in  the  Wind  River 
Mountains  of  western  Wyoming.  At  the  foot  of  this  range  the  river 
traverses  for  a  hundred  miles  a  broad,  desert  plain,  known  as  Green 
River  Basin.  At  the  foot  of  this  plain  it  meets  Uinta  Range.  Through 
this  range  it  has  cut  its  way  in  a  series  of  heavy  gorges,  emerging  from 
them  at  the  south  base  of  the  mountains  and  entering  Uinta  Valle}^,  in 
which  it  flows  for  a  short  distance;  then  flowing  southward  it  enters  a 
series  of  uplifts,  consisting  of  slightly  inclined  plateaus,  three  in  num- 
ber, dipping  to  the  north.  In  each  of  these  it  burrows  its  way,  the 
depth  of  the  canyon  increasing  mile  by  mile,  both  by  the  increasing 
height  of  the  plateau  and  the  descent  of  the  river.  At  the  cliff  which 
limits  each  of  these  plateaus  on  the  south  the  river  comes  out  to  day- 
light for  a  short  distance.  At  the  foot  of  the  most  southern  of  these 
plateaus  is  Gunnison  Valley,  in  which  the  Rio  Grande  Western  Rail- 
road crosses  the  river.  In  the  canyon  which  succeeds  this  valley, 
caused  by  an  uplift  of  the  plateau,  the  Green  is  joined  by  the  Grand, 
and  the  Colorado  begins.  Then  follows  a  succession  of  uplifts,  through 
which  the  river  has  been  forced  to  cut  its  way,  producing  a  continuous 
canyon,  whose  walls  rise  higher  and  higher  with  each  succeeding  uplift 
until  the  Grand  Canyon  is  reached,  whose  walls  are  0,000  feet  in  height 
and  magnificent  in  their  complexity.  Farther  west  the  land  descends 
by  a  series  of  steps,  produced  by  faults  and  folds,  which  finally  bring 
the  river  to  daylight  at  the  mouth  of  the  Grand  Wash. 

Grand  River,  which  heads  in  the  mountains  in  the  eastern  side  of 
Middle  Park,  Colorado,  encounters  throughout  its  course  a  succession 
of  obstacles  similar  to  those  njet  and  overcome  by  Green  River. 

The  branches  of  Grand  River,  Eagle  River,  Roaring  Fork,  Gunnison 
and  Dolores  rivers  all  head  and  have  much  of  their  courses  in  regions 
of  high  mountains,  and  naturally  their  slopes  are  both  steep  and 
irregular. 

The  entire  area  drained  by  Colorado  River  and  its  branches  is  225,049 
square  miles. 
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The  profile  was  prepared  by  Maj.  J.  W.  Powell. 


Moutli 

Mouth  of  Gila  River 

Mouth  of  Williame  River , 

Needles , 

Mouth  of  Virgin  River 

Mouth  of  G»nd  Wash  (fault) 

Mouth  of  Diamond  Creek 

Toroweap  Valleytfanlt) , 

Mouth  of  Kanab  Creek 

Mouth  of  Little  Colorado  lUver 

Mouth  of  FariaRiver(f8iilt^£choCiifis) 

Mouth  of  Navajo  Creek 

Croenngof  1he  Fatlient 

Mouth  of  San  Joan  River 

Mouth  of  Escalante  River 

Mouth  of  Dirty  Devil  River 

Mouth  of  Grand  River 

Green  River  crossing  ( Book  Cliffs) 

Mouth  of  Price  River 

Mouth  of  White  River 

Mouth  of  Yampa  River 

Brown  park 

Mouth  of  Henry  fork 

Month  Of  Black  fork 

Green  River  city 

Mouth  of  Big  Sandy  River 

Mouth  of  Slate  Creek 

Mouth  of  Fontenelle  Creek 

Mouth  of  New  Fork 

Mouthof  Horse  Creek 

Mouth  of  Lead  Creek 

Bend,  near  head 


1,000 
1,312 
1,625 
1,810 
2,300 
2,520 


3,310 

1.6 

3,325 

1.2 

3,434 

1.8 

3,750 

31.2 

3,775 

1.9 

4,075 

2.5 

4,200 

6.26 

4,576 

4.4 

4,626 

0.6 

4,750 

2.8 

5,100 

10.0 

5,376 

13.8 

5,813 

6.3 

5,940 

4.2 

6,076 

4.6 

6,240 

6.2 

6,500 

13.0 

6,620 

10.0 

6,900 

6.3 

7,180 

10.8 

7,383 

13.5 

7,622 

11.96 

7,808 

16.9 
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LITTLE  OOLORADO  RIVEB. 

stream  heads  in  the  southern  edge  of  the  MogoUon  Plateau,  in 
Arizona,  and  flows  nearly  northwest  to  its  junction  with  the 

lo.     Near  the  head  its  slope  is  steep,  but  through  most  of  its 

stcross  the  plateau,  on  the  surface  of  which  it  flows,  its  slope  is 
Toward  its  mouth  it  begins  to  burrow  into  the  plateau,  and 

3  increases,  finally,  just  before  reaching  the  Colorado,  becoming 

2ep,  producing  a  curve  near  its  mouth  convex  upward. 

profile  is  derived  from  the  atlas  sheets  of  the  United  States 

ical  Survey. 


LocaUty. 

Distance 

from 

mouth. 

Height 
above 

Flail  per 
mile. 

UUa, 

F^. 

JFM. 

ith 

0 

2,625 
2,750 

6 

20.8 

16 

3,000 

25.0 

24 

3,250 

31.3 

32 

3,500 

31.3 

40 

3,750 

3L3 

50 

4,000 

25.0 

66 

4,250 

15.6 

84 

4,500 

13.9 

126 

4,750 

5.9 

158 

5,000 

7.8 

188 

5,200 

6.7 

204 

5,400 

1.3 

r  St.  Johnn ............................ 

221 
235 

5,600 
5,800 

11.8 
14.3 

^*         ^^^  V  V      ^^     ^^  ^■i^v^v^iBSh'      ^V    ^v   ^V  ^V  ^V  ^V    ^v   ^v    ^v    ^p     ^v    ^v    ^v    ^v    ^v    ^v    ^v    ^V    ^V    ^P     ^P   ^V    ^P    ^v    ^v    ^v    ^v    ^v 

244 

6,000 

22.2 

250 

6,200 

33.3 

252 

6,400 

100.0 

254 

6,600 

100.0 

256 

6,800 

100.0 

262 

7,000 

33.3 

id 

277 

8,000 

66.7 

SAN  JUAN   RIVER. 

branch  of  Colorado  River  heads  in  many  streams  flowing  south 
e  San  Juan  Mountains — Mancos,  La  Plata,  Los  Pifios,  and  Ani- 
ers.  At  their  south  base  it  collects  the  waters  of  these  several 
'^  and  thenceforward  flows  westward  through  a  plateau  region 
unction  with  the  Colorado,    In  the  mountaauB  tivQ»^  «^ic^WEfi& 
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have  steep  descents,  which  are  suddenly  checked  on  reaching  the 
plateau.  In  its  coui^se  down  the  plateau,  however,  the  slope  of  Sm 
Juan  River  is  by  no  means  gentle  or  regular.  A  feature  of  the  slope 
of  this  river  is  the  increase  in  its  grade  toward  its  mouth,  showing 
that  the  parent  stream,  the  Colorado,  has  thus  far  been  able  to  cut  its 
grade  down  more  rapidly  than  the  smaller  stream. 

The  profiles  of  this  river  and  its  branches  have  been  derived  mainly 
from  the  reports  of  the  Hayden  survey. 


Locality. 


Mouth , 

Bluff  aty 

Four  miles  below  mouth  of  Montezuma  Creek 
Mouth  of  McElmo  Creek , 

Mouth  of  Mancofi  River 

Pictured  Rocks 

Mouth  of  La  Plata  River , 

Mouth  of  Animas  River 

Mouth  of  Los  Pinos  River 

Mouth  of  Piedra  River 

Pagosa  Springs 


Difitance 

from 
mouth. 


Miles. 

0 

16 

58 

80 

98 

107 

118 

130 

143 

164 

186 

197 

200 

240 

265 

303 


Height 
above 


Feet. 

3,310 

3,500 

3,750 

4,000 

4,250 

4,390 

4,510 

4,540 

4,700 

4,880 

5,180 

5,297 

5,310 

5,750 

6,000 

7,095 


F&ll  per 
mile. 


FteL 


11.8 

5.9 
11.4 
13.9 
15.6 
10.9 

2.5 
12.3 

8.6 
13.6 
10.6 

4.3 
11.0 
10.0 
28.8 


RIO   MANtX38,  COLORADO. 


Locality. 


Mouth 


Merritt  ranch. 


DLstance 

from 
mouth. 


Miles. 
0 
12 
22 
32 
38 
52 
62 


Height 

above 

sea. 


PxL 

4,700 

4,900 

5,270 

5,730 

6,250 

7,360 

9,770 


Fall  per 
mile. 


FeeL 


16.7 
37.0 
46.0 
86.7 
79.3 
241.0 
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LA   PLATA   RIVER,  COLORADO. 


Locality. 

Distance 

from 
moath. 

Height 

above 

sea. 

Fall  per 
mile. 

Mouth 

MOea. 
0 
10 
22 
38 
43 

Fud. 

5,297 

5,500 

6,270 

7,922 

8,500 

30.3 

64.2 

lai.  3 

115.6 

Parrott  City 

ANIMAS   RIVER. 


Locality. 


Mouth 

Mouth  of  Florida  River. 
Foot  of  Animas  park  . . . 
Head  of  Animan  park. . . 
Mouth  of  Cascade  Creek 

Foot  of  Bakers  park 

Head  of  Bakers  park  . . . 
Divide  at  head 


Distance 

from 

mouth. 


Milea. 

0 

38 

56 

70 

80 

97 

106 

113 


LOS  PmoS  RIVER,  COLORADO. 


Locality. 


Mouth 

Trail  crosses 

Big  bend 

Mouth  of  Valleiito  Creek 
Mouth  of  West  Branch  . . 

Trail  leaves  stream 

Weeminu(!he  pass 


Distance 

from 

mouth. 


Mile*, 
0 
33 
42 
48 
60 
69 
75 


Height         p^jj 


Feel, 
5,310 
6,106 
6,600 

•6,900 
7,700 
9,400 
9,900 

12,600 


Height 

above 

soa. 


5,750 
6,680 
7,288 
7,688 
8,688 
9,888 
10, 670 


/w. 


20.9 
27.4 
21.4 
80.0 

100.0 
62.5 

325.0 


Fall  per 
mile. 


Fcfi. 


28.2 
67.6 
66.7 
83.3 
13:1  3 
130.3 
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GRAND   RIVER,  COLORADO. 

[The  proflles  of  thiB  river  and  its  branches  are  from  the  reportu  of  the  Hayden  sturey.] 


Locality. 


Mouth 

Mouth  of  Dolores  River 

Horseshoe  bend , 

Head  of  low  canyon 

Mouth  of  Gunnison  River 

Mouth  of  Roan  Creek 

Mouth  of  North  Mam  Creek . , 

Mouth  of  Roaring  Fork 

Mouth  of  Eagle  River 

Foot  of  canyon  in  Park  Range 

Mouth  of  Muddy  Creek 

Hot  Springs 

Forks 

Grand  Lake,  Middle  Park 


Distance 

from 
mouth. 


MUet. 

0 

52 

70 

104 

120 

152 

188 

209 

228 

295 

302 

320 

344 

348 


Height 
above 


Feet. 

3,775 

4,250 

4,300 

4,500 

4,523 

5,100 

5,645 

5,743 

6,125 

7,000 

7,180 

7,715 

8,123 

8,153 


Fall  per 
mile. 

FM. 

9.1 

2.8 

5.9 

1.4 

18.0 

15.1 

4.7 

20.1 

13.1 

25.7 

29.7 

17.0 

7.5 

RIO  DOLORES,  COLORADO. 


Locality. 


Mouth 

Mouth  of  Unaweep  Canyon 

Mouth  of  San  Mjguel  River 

In  Paradox  Valley 

Mouth  of  Disappointment  Creek 
Mouth  of  Lost  Canyon 


Distance 

from 

mouth. 


Miles. 
0 
21 
43 
49 
83 
134 


Height 
above 


Fed, 

4,250 

4,600 

5,000 

5,100 

6,500 

6,950 


1 


Fall  per 
mile. 


Feel. 


16.7 
18.2 
16.7 
41.2 
8.8 


aAMNSTT.] 


OOLOBADO   8TBEAM8. 
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GUNNISON  RIVER- 


Locality. 


Mouth 

Mouth  of  Roubideau  Creek  . . 
Mouth  of  Uncompabgre  River 

Mouth  of  North  Fork 

Mouth  of  CeboUa  Creek 

Mouth  of  Lake  Fork 

Mouth  of  White  Earth  River. 

Foot  of  open  valley 

Mouth  of  Tomichi  Creek 

Mouth  of  Slate  River 

Head  of  upper  canyon 

Mouth  of  Paas  Creek 

Head 


Distance 

from 

mouth. 


MUe9. 

0 

40 

45 

62 

97 

112 

123 

130 

141 

157 

176 

185 

200 


Height 
above 


Feet, 
4,523 
4,925 
5,100 
5,405 
6,800 
7,213 
7,450 
7,638 
7,725 
8,176 
9,576 
9,865 
11,000 


Fall  per 
mile. 


Fret. 


10.1 
35.0 
17.9 
39.8 
27.5 
21.5 
26.9 
7.9 
28.2 
73.7 
32.1 
75.7 


UNOOMPAHGRE  RIVER. 


Locality. 


Mouth 

Ford  of  Salt  Lake  road  . . 
Uncompahgre  Agency . . . 

Mouth  of  Dallas  Fork 

Lower  end  of  canyon 

Lower  end  of  small  valley 

Head  of  small  valley 

Divide  at  head 


Distance 

from 
mouth. 


MUa. 
0.0 
29.5 
40.0 
54.5 
68.5 
72.5 
74.5 
78.5 


Height 
above 


Fea. 
5,100 
5,800 
6,400 
7,000 
8,000 
9,500 
9,700 
11,100 


Fall  per 
mile. 


Feet. 


23.7 

57.1 

41.4 

71.4 

375.0 

100.0 

350.0 
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LAKE   FORK  OF  GUNNIfiON. 


Locality. 


Dinance 

from 
mouth. 


MOf*. 

Mouth 0.0 

Month  of  Indian  Creek 15. 0 

Month  of  Goodwin  Creek 36. 0 

Month  of  Sonth  Branch 51. 0 

Valley 56.5 

Head 59.0 


Hei^t 
abore 


Fbet 
7,213 
7,860 
8, 660 
9,860 
11,060 
13,260 


Faillper 
mile. 


43.1 

38.1 

80.0 

2ia2 

880.0 


ROARING    FORK. 


Locality. 


Mouth 

Mouth  of  K<K:k  Creek 

Mouth  of  Frying-pan  Creek 

Mouth  of  Castle  Creek 

Mouth  of  Difficult  Creek. . . 

Mouth  of  Hunter  Creek 

Uesul 


DiHtance 

from 

mouth. 


Miles. 


0 
12 
25 
43 

48 

00 

64 


EAGLE   RIVER,  COLORADO. 


Locality. 


Distance 

from 
mouth. 


Month 

Head  of  canvon 

Mouth  of  Gore  Creek 

Mouth  of  Roche  Moutonn^e  Creek 

Mouth  of  Homestake  Creek 

Head  in  Tennessee  pass 


Mile*. 

0 
29 
41 
45 
50 
62 


Height 

above 

sea. 


Fall  per 
mile. 


/W. 


FteL 
5,743 
6,000 
6,626 
7,942 
8,241 
9,400  j  165.6 
11,676    I  252.9 


21.4 

48.2 

73.1 

59.8 

Height 

above 

sea. 


Fall  per 
mile. 


Feet. 
6,125 
7,065 
7,700 
7,856 
8,693 
10, 418 


GANNETT.] 


UTAH    8TBEAM8. 
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SEVIER  RIVER. 

Sevier  River  heads  in  the  plateaus  in  southern  Utah,  and  flows  for  a 
long  distance  northward  through  valleys  separating  plateaus  and 
mountain  ranges,  with  a  steep  but  gradually  diminishing  slope.  In 
central  Utah  it  turns  sharply,  flowing  west  in  a  canyon  through  the 
Canyon  Range,  where  its  descent  is  somewhat  steeper,  and  out  into 
Sevier  Desert,  through  which  it  flows  with  a  very  gentle  slope  to 
Sevier  Lake,  into  which  it  sinks. 

The  profile  is  derived  from  the  atlas  sheets  of  the  United  Stat4>s 
Geological  Sur\'ey. 


Locality. 


Sevier  Lake,  mouth. 

Near  Deseret 

In  canyon 

Above  Salina 

Joseph 


Circle  Valley. 


Near  Panguitch 
Near  Hillsdale . 


Distance 

from 
mouth. 


Head. 


Miles. 

0 

34 

88 

152 

180 

189 

205 

223 

243 

255 

265 

271 

279 


Height 

above 

sea. 


Fed. 

4,600 

4,638 

4,750 

5,000 

5,250 

5,500 

5,750 

6,000 

6,250 

6,500 

6,750 

7,000 

7,500 


Fall  per 
'     mile. 


1.1 

2.1 

3.9 

8.9 

27.8 

15.6 

13.9 

12.5 

20.8 

25.0 

41.7 

62.5 


BEAR   UIVER. 

Bear  River  heads  in  the  northern  slope  of  Uinta  Mountains  in 
noi*theastern  Utah.  The  steep  slope  of  the  mountain  side  is  succeeded 
by  a  comparatively  gentle  slope  as  it  ilows  northward  through  a  suc- 
cession of  broad  valleys.  At  Soda  Springs  it  turns  sharply  upon  itself 
and  Hows  nearly  south,  and  immediately  descends  from  the  surface  of 
a  basalt  flow  to  its  base,  producing  a  succession  of  falls  and  rapids. 
Through  Cache  Valley  its  slope  is  very  gentle,  but  at  The  Gates,  where 
it  emerges  from  Cache  Valley  into  the  valley  of  Great  Salt  Lake,  it 
has  a  steep  descent  in  a  series  of  rapids. 
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The  profile  is  from  the  measurements  of  the  Hayden  survey. 


Locality. 


Mouth 

Hampton  Bridge 1 

Head  of  Gates 

Mouth  of  Battle  Creek 

Foot  of  canyon  below  Gentile  Valley. . 
Head  of  canyon  below  Gentile  Valley . 

Bend  below  Sheep  Rock 

Soda  Springs 

Foot  of  canyon  above  Bear  1  ^ke  Valley 
Mouth  of  Smith  Fork 

Bend 

Evanston 

Head 


Distance 

frum 

mouth. 


0 

24 

30 

66 

73 

88 

113 

125 

151 

171 

201 

216 

243 

251 

270 

320 


Height 
above 

8ea. 


Fall  per 
mile. 


Feet. 
4,218 
4,353 
4,450 
4,499 
4,609 
4,692 
5,  737 
5,855 
5,900 
5,989 
6,223 
6,254 
6,353 
6,505 
6,800 
11,000 


Ffri. 


5.6 

16.2 

I 

1.4      i 

15.7    ' 

5.5 
41.8 

9.8 

1.7 

4.5    I 

7.8    I 

2.1 

3.7 
19,0 
15.5 
84.0 


HUMBOLDT  RIVER. 

This  river  of  Nevada  heads  in  the  northeastern  part  of  the  State  and 
flows  southwestward,  sinking  in  Humboldt  Lake,  in  the  western  part 
of  the  State.  In  its  course  of  more  than  300  miles  it  flows  almost 
directly  across  the  series  of  uplifts  forming  the  Basin  ranges,  but  in 
most  cases  it  passes  through  broad  gaps  in  these  ranges  rather  than  in 
canyons.     The  drainage  l)asin  is  32,148  square  miles. 

The  profile  is  from  the  Fortieth  Parallel  Survey. 


Locality. 


/ 


Humboldt  Lake,  sink 

Lovelock 

Oreana 

Humboldt 

Raspberry 

Wumemucca 

Grolconda 

Stonehouse 

Battle  Mountain 

ShoehoDe 


Distance 

from 
mouth. 


MiU9. 

0 

8 

20 

40 

68 

90 

108 

133 

153 

178 


Height 

above 

sea. 


\ 


Fe€t. 

3,900 

3,950 

4,150 

4,200 

4,300 

4,325 

4,350 

4,400 

4,500 

4,600 


Fall  per 
mile. 


FM, 


6.3 
16.7 
2.5 
3.6 
1.1 
1.4 
2.0 
5.0 
4.0 


OANNETT.J 


CALIFOBNIA   8TBEAM8. 
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Locality. 


Palisade 

Moleen 

Osino 

Halleck 

Deeth 

Humboldt  Wells . . . 
Independence,  head 


DiBtance 

frcnn 
mouth. 

Height 

aboye 

sea. 

MUet. 

FeeL 

203 

4,800 

223 

4,976 

244 

5,100 

258 

5,200 

272 

5,300 

292 

5,600 

308 

6,000 

Fall  per 
mile. 


Fed. 
8.0 
8.8 
5.9 
7.1 
7.1 
15. 0 
25.0 


SACRAMENTO  RIVER. 

Sacramento  River  heads  in  the  mountains  of  northern  California, 
principally  in  the  easternmost  of  the  coast  ranges.  Its  head  streams, 
upon  reaching  the  great  depression  between  the  Sierra  Nevada  and  the 
Coast  Ranges,  turns  south  and  by  a  steep  descent  in  a  deep  canyon  it 
flows  off  a  volcanic  plateau  which  surrounds  Mount  Shasta.  Having 
reached  the  level  of  the  great  California  Valley,  its  slope  rapidly 
diminishes,  and  below  Red  Bluff  becomes  very  slight.  Indeed,  from 
Sacramento  to  the  bay  the  descent  is  trifling,  the  river  meandering 
most  of  the  way  through  great  tule  marshes. 

This  river  has  been  in  times  past  overloaded  with  detritas  from 
placer  mines,  which  have  caused  it  to  deposit  freely,  building  up  its 
coursp  above  the  adjacent  country.  Much  of  the  city  of  Sacramento 
lies  at  present  below  the  level  of  the  river  when  in  flood  and  is  oro- 
tected  from  it  by  levees. 

The  profile  is  from  the  levels  of  the  Engineer  Corps,  U.  S.  A. 


Locality. 


New  York  landing 

Collinsville 

Rio  Vista 

Head  of  Grand  Island . . 

Heacock  shoals 

Sacramento 

Mouth  of  Feather  River 

Knight  landing 

Winn  landing 

Colnsa 

Galdins 

John  Boggs  landing 


Distance 

from 
mouth. 
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Locality. 


Princeton 

Butte 

Jacinto 

Parrott  landing  . . . 

Monroeville 

Chico  landing 

Bid  well  landing. . . 

Gazelle  chute 

Squaw  Hill 

Tehama 

Sacramento  bar  . . . 

Last  Chance 

Red  Bluff 

Near  Buckevc 

Delta 

Southern 

Upper  Soda  Spring 

Head 


Difltancc 

from 
mouth. 


Height 
above 


ifiles. 

Feet 

Feet 

175 

67 

L3 

180 

73 

L2 

192 

93 

L7 

195 

98 

L66 

203 

110 

L6 

209 

119 

L5 

214 

128 

L8 

230 

157 

L8 

236 

168 

L8 

247 

201 

3.0 

255 

225 

3.0 

261 

237 

2.0 

265 

245 

2.0 

306 

400 

3.8 

326 

600 

10.0 

344 

800 

11.1 

356 

1,000 

16.7 

364 

1,200 

25.0 

368 

1,600 

100.0 

379 

2,000 

36.4 

384 

3,000 

200.0 

399 

7,000 

266.7 

PIT   RIVER. 

[From  the  atlas  sheets  of  the  Unite<l  States  Geolojrical  Survey.] 


Fall  per 
mile. 


Locality. 


Mouth 


z 


Near  Fall  River  mills 

Above  Pittville 

Foot  of  Big  Valley . . 

Canby 

AltorasHill 

Oooee  Lake 


Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Miif'it. 

Fed. 

J^rt. 

0 

687 

13 

1,000 

24.1 

17 

1,200 

50.0 

31 

1,400 

14.3 

40 

1,600 

22.2 

47 

1,800 

28.6 

51 

2,000 

50.0 

75 

3,000 

41.7 

86 

3,400 

36.4 

107 

4,000 

28.6 

127 

4,200 

10.0 

152 

4,350 

6.0 

176 

4,446 

4.0 

V^ 

i      4,800 

17.7 

OANMETT.] 
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OTHER  CALIFORNIA  RIVERS. 

The  Sierra  streams.  Feather,  American,  Yuba,  MokeUimne,  Cala- 
veras, Stanislaus,  Tuolumne,  and  Cosumnes  rivers,  are  all  character- 
ized by  extremely  steep  and  irregular  slopes. 

Pit  River  is  one  of  the  largest  branches  of  the  Sacramento.  It  heads 
in  Goose  Lake,  in  northeastern  California.  For  some  distance  below 
the  lake  it  has  a  comparatively  gentle  course.  It  cuts  its  way  through 
the  Sierra  Nevada  in  a  deep  gorge,  in  the  upper  part  of  which  the 
slope  is  gentle,  but  after  passing  the  divide  of  the  range  its  course 
becomes  extremely  steep,  and  this  slope  is  maintained  with  but  little 
diminution  to  its  mouth. 

FEATHER  RTVER. 


Locality. 


Mouth 

Nicolaus 

Yuba  River 

Burt  ferry 

Oroville 

Middle  Fork..' 

West  Branch 

Upper  end  Big  Bend 

Buck  Creek 

Chip  Creek 

East  Branch 

Carriboo 

Bidwell  bridge 


Distance 

from 
mouth. 


Miles. 

0 

10 

20 

44 

67 

64 

73 

85 

104 

112 

115 

121 

136 


YUBA   RIVER. 


Locality. 


Mouth,  Marysville 

Long  bar 

Forks,  North  and  South 

Forks  of  North  Fork 

Up  North  Fork,  Slate  Range  bar 

Downieville 1 

Loganville 

Tehuantepec  Valley 


Distance 

from 
mouth. 


MOes. 
0 
15 
28 
36 
53 
70 
78 
90 


Height        p  II 

*^^'«  miir 

sea. 


FecL 

0 

9 

21 

56 

100 

198 

648 

1,080 

1,954 

2,370 

2,559 

2,949 

4,678 


0.9 

1.2 

1.5 

3.4 

14.0 

50.0 

36.0 

46.0 

52.0 

as.o 

65.0 
115.3 


Height 

above 

sea. 

Fall  per 
mile. 

tYet. 

Feet. 

•     60 

100 

2.6 

500 

30.8 

1,000 

62. 5 

2,000 

58.8 

3,000 

58.8 

4,000 

125.0 

6,700 

225.0 
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AMERICAN   RIVER. 


Locality. 

DUtAnce 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Mila. 

FeeL 

Fed. 

Moutii  at  Sacramento 

0 
23 

10 
100 

3.9 

Forks 

28 
37 

200 
300 

20.0 
11.1 

Up  North  Fork 

41 

400 

25.0 

44 

500 

33.3 

Mouth  Middle*  Fork 

48 
56 

600 
700 

25.0 
12.5 

59 

800 

33.3 

Toll  House 

66 

77 

1,000 
1,600 

28.6 
45.5 

Mouth  of  North  Fork 

83 

2,000 
3,000 

83.3 

94 

90.9 

100 

4,000 

166.7 

105 

5,000 

200.0 

112 

6,000 

142.8 

118 

8,500 

416.7 

OOSUMNES   RIVER. 


Locality. 


Mouth,  Benson  bridge.. 

Forks,  North  and  South 

Up  North  Fork 

Sweeney 

Dyer  mill 

Head 


Distance 

from 
mouth. 


Mik9, 
0 
25 
34 
44 
47 
54 
66 
72 
.  78 
83 
89 
93 


Height 

above 

sea. 


FKt. 

25 

100 

200 

500 

800 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,500 


Fall  per 
mile. 


3.0 

11.1 

30.0 

100.0 

28.6 

83.3 

166.7 

166.7 

200.0 

166.7 

375.0 


:annett.]     MOKELUMNE,  0ALAVKBA8,  AND   STANI8LAU8   RIVERS.       95 


MOKELUMNE  RIVER. 


LocaUty. 

Dliitanco 

from 

mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

MUet. 

FeeL 

Feel. 

Junction  with  Coeumnes  River 

0 

25 

• 

28 

100 

2.7 

« 

39 

200 

9.1 

47 

500 

37.5 

58 

1,000 

45.5 

66 

2,000 

125.0 

78 

3,000 

83.3 

90 

4,000 

83.3 

98 

5,000 

125.0 

103 

6,000 

200.0 

Hermit  Valley 

109 

7,000 

166.7 

Head 

116 

8,000 

142.9 

OALAVERAH  RIVE 

IR. 

• 

LocaUty. 

Distance 

from 

mouth. 

Height 

above 

sea. 

Fallper 
mile. 

• 

JfiZn. 

FeeL 

FeeL 

Mouth. 

0 
23 
44 

5 
100 
200 

4.1 
4.8 

Bellota 

51 

500 

42.9 

68 

1,000 

29.4 

STANISLAUS  RIVl 

SR. 

Locality. 

Difltance 

from 

mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

MUa. 

Feet. 

Feet. 

0 
26 
65 
75 

30 

200 

1,000 

1,300 

2,000 

6.5 
20.5 
30.0 

Oakdale 

Forks 

79 

175.0 

83 

3,000 

250.0 

89 

4,000 

166.7 

97 

5,000 

125.0 

102 

6,000 

200.0 

113 

8,000 

\ 

181^8 

\ 
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TUOLUMNE   RIVER. 


Locality. 


Distance         Helgirt 

from  abore 

moath. 


Fan  per 


Month  .. 


Korku 


Canyon 


Head  of  can  von 
MeadowH 


MOa. 

0 

50 

59 

74 

79 

87 

98 

109 

125 

133 

137 

138 

141 

144 
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KLAMATH   RIVER. 

Klamath  River  heads  in  Klamath  Lake,  in  southern  Oregon,  and 
flows  westward  through  the  Coast  Mountains  by  a  somewhat  sinuous 
course  to  the  Pacific.  It  has  a  rapid  and  an  extremely  irregular  fall, 
showing  that  its  existence  under  the  present  topographic  conditions 
has  been  brief.     Its  drainage  basin  is  14,660  square  miles. 

The  profile  is  from  the  atlas  sheets  of  the  United  States  Geological 
Survey. 
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COLUMBIA    BIVER. 
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(X)LUMBIA   RIVER. 

Columbia  River,  including  Clark  Fork,  heads  in  the  Rocky  Moun- 
tains, west  of  Helena,  Montana.  Its  slope  is  great  from  its  head  to 
the  crossing  of  the  Northern  Pacific  Railroad,  below  the  mouth  of  Flat- 
head  River.  In  northern  Idaho  it  flows  through  Lake  Pend  Oreille, 
and  below  that,  in  its  northward  course  to  the  international  boundary, 
it  has  a  steeper  descent.  In  this  part  of  its  course  it  is  in  a  deep 
canj'on.  Thenceforward  for  several  hundred  miles  it  has  a  gentle 
slope,  interrupted  by  mpids  of  no  great  magnitude  until  Kettle  falls 
are  reached.  Other  rapids  succeed,  the  most  formidable  being  Rock 
Island  rapids,  which  form  a  complete  obstruction  to  navigation.  In 
its  lower  course  in  passing  the  Cascade  Range  it  encounters  two  notable 
rapids,  the  Cascades  and  the  Dalles,  both  of  which  interrupt  navigation. 

The  entire  drainage  area  of  Columbia  River  is  216,537  square  miles, 
about  half  of  which  belongs  to  Columbia  River  proper,  and  half  to  its 
main  branch.  Snake  River. 

The  profile  of  the  Columbia  is  in  part  from  the  work  of  Lieutenant 
Syinons,  in  part  from  the  atlas  sheets  of  the  United  States  Geological 
Survev. 
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WILLAMETTE    UIVER. 

This  river,  one  of  the  main  southern  branches  of  the  Columbia  in 
Oregon,  heads  in  the  Cascade  Range.  Flowing  down  its  slopes  to  the 
center  of  the  Willamette  Valley,  it  turns  northward  and  pursues  this 
course  to  its  junction  with  the  Columbia,  just  below  the  city  of  Port- 
land. The  profile  represents  only  a  poi-tion  of  its  course  in  the 
Willamette  Valley.  It  shows  a  fairh'  uniform  slope,  gradually  dimin- 
ishing downward  until  the  falls  at  Oregon  City  are  reached,  where 
there  is  an  abrupt  drop  of  41  feet,  with  a  second  drop  just  below  it,  at 
Clackamas  rapids,  amounting  to  5^^  feet. 

The  drainage  basin  of  the  Willamette  River  is  11,700  square  miles. 

The  profile  is  from  the  levels  of  the  Engineer  Corps,  U.  S.  A. 
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FLATHEAD   AND   SNAKE   RIVERS. 
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FLATHEAD  RIVER. 

Flathead  River  hcad^  in  Canada  and  flows  southward,  first  with  a 
ep  and  then  with  a  gentle  .slope,  into  Flathead  Lake.     Below  this 
:e  it  turns  to  the  west  and  joins  the  Columbia. 
[t8  profile  is  in  part  from  the  levels  of  the  Northern  Pacific  Railway, 
part  from  the  atlas  sheets  of  the  United  States  Geological  Survey. 
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SNAKE   KIYER. 

Snake  River  heads  in  Shoshone  Lake  in  Yellowstone  Park,  thence  it 
ws  through  I^ewis  Lake  and,  at  the  head  of  Jackson  Hole,  through 
ekson  Lake.  Below  the  latter  lake  it  has  a  steep  descent,  which  is 
e^tl}'  increased  in  the  canyon  through  which  it  passes  from  Jackson 
o\e  to  Snake  River  plains.  Here  it  flows  on  the  surface  of  a  basalt 
Id,  and  its  course  for  some  distance  is  extremely  sluggish,  through  a 
oad  extent  of  marshes.  It  soon,  however,  begins  to  cut  into  the 
salt  and  to  quicken  its  course  to  such  an  extent  that  it  was  in  the 
rlv  davs  called  Mad  River. 

In  descending  from  })ench  to  bench  in  this  basalt  field,  produced  by 
ccessive  Bows  of  lava,  it  has  falls,  American  falls  near  the  mouth 

Portneuf  River,  and  Shoshone  falls,  lower  down.  Below  Shoshone 
lis  its  slope  is  quite  gentle  for  a  long  distance,  but  increases  greatly 

the  canyon  by  which  it  cuts  through  the  Blue  Mountains.  Below 
is  canyon  the  slope  to  its  mouth  is  very  gentle.  It  is  navigable  to 
Bwiston,  Idaho. 

It  is  a  large  stream,  having  a  total  length  of  939  miles  and  a  drain- 
:e  area  of  103,836  square  miles,  or  nearly  half  that  of  Columbia 
iver. 
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The  profile  is  almost  entirely  from  the  atlas  sheets  of  the  United 


States  Geolocrical  Sun^ev. 
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LETTER  OF  TRANSMITTAL. 


Department  op  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
Washington,  D,  C,  January  24,  1901, 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  prepared 
by  Prof.  Albert  E.  Chandler,  of  the  University  of  California,  giving 
the  results  of  a  study  of  the  storage  iiossibilities  of  Cache  Creek 
Basin,  California,  and  to  recommend  that  it  be  printed  in  the  series 
of  Water-Supply  and  Irrigation  Papers. 

The  investigations  upon  which  this  rejiort  is  based  are  a  part  of  a 
series  carried  on  under  the  general  direction  of  Mr.  J.  B.  Lippincott, 
Mem.  Am.  Soc.  C.  E.,  resident  hydrographer  in  California.  Mr.  J.  II. 
Quinton,  Mem.  Am.  Soc.  C.  E.,  has  assisted,  in  the  capacity  of  con- 
sulting engineer,  in  the  preparation  of  the  plans  and  estimates.  For 
this  survey  financial  assistance  was  rendered  by  the  California  Water 
and  Forest  Association  and  by  the  Woodland  Chamber  of  Commerce. 
Field  work  consisted  of  a  reconnaissance  throughout  the  entire  drain- 
age basin — all  localities  being  visited  which  were  considered  suitable 
for  reservoir  sites — and  of  measurements  of  the  flow  of  the  stream  and 
its  various  tributaries.  The  time  spent  in  the  field  was  from  June  21, 
1900,  when  a  start  was  made  from  Woodland,  to  July  28,  1900. 

Eleven  years  prior  to  the  time  of  this  reconnaissance,  or  in  1889, 
a  topographic  map  of  Clear  Lake  and  its  outlet  was  made  by  the 
Irrigation  Survey,  the  results  of  that  survey  being  printed  in  the 
Thirteenth  Annual  Report  of  the  United  States  Geological  Survey, 
Part  III,  beginning  on  page  405.  At  a  later  period  various  power 
companies  made  studies  of  the  outlet  of  the  lake,  and  in  1888  the 
Southern  Pacific  Railroad  made  a  preliminary  survey  from  Rumsej'^ 
up  Cache  Creek  Canyon  to  the  lake.  A  considerable  portion  of  the 
data  accumulated  by  those  surveys  has  been  assembled  and  employed 
in  this  report. 

Acknowledgment  is  due  to  Mr.  Ferdinand  Formhalz,  of  the  old 
Clear  Lake  Power  Company;  to  Mr.  Richard  Wylie,  of  the  new  power 
company;  and  to  the  engineering  office  of  the  Southern  Pacific  Rail- 
road Company,  for  assistance  given.  Thanks  should  also  be  extended 
to  the  many  recorders  of  rainfall  and  lake  levels  who  gratuitously 
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f  arnishod  what  data  they  had,  and  to  Mr.  J.  M.  Wilsou,  of  the  United 

States  Department  of  Agriculture,  who,  daring  the  year  1 000,  made 

a  thorough  study  of  the  water  rights  and  the  irrigation  systems  of 

Yolo  County.     Mr.  Wilson  kindly  furnished  the  data  bearing  upon 

the  pumping  plants,  as  well  as  much  information  concerning  the 

ditches  herein  described. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeohgicfil  Survey, 
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i^^ATER  STORAGE  ON  CACHE  CREEK, 

CALIFORNIA. 


By  Albert  K.  Chandler. 


liOCATION  AND  PIIY8ICAI.  FKATITRE8. 

le  Creek,  the  only  known  outlet  of  Clear  Lake,  is  situated  in 
r^ounty,  California,  al)out  75  miles  north  of  San  Francisco.  Itr 
*lie  lake  the  creek  flows  easterly  to  the  corner  of  Lake,  Colusa, 
olo  counties,  thence  across  Yolo  County  to  the  sink  8  miles 
a^t  of  Woodland. 

•teen  miles  from  the  lake  the  main  stream  is  joined  by  the 
fork,  often  called  Cache  Creek.  This  branch  drains  the  coun- 
blie  north  and  east  of  the  lake,  and  adds  very  materially  to  the 
ge  area  of  the  creek,  but  it  is  much  smaller  than  the  stream 
h.e  lake  and  should  be  considered  a  tributary, 
drainage  area  of  the  main  creek  and  its  branc^hes  has  been  esti- 
by  the  California  State  engineering  office  as  1,102  square  miles. 

TOPOGRAPHY. 

country  in  Lake  County  tributary  to  Cache  Creek  is  exceed- 
mountainous  and  rugged.  The  peaks  to  the  north  of  Clear 
rise  to  an  elevation  of  (5, 000  feet,  and  their  slopes,  as  well  as 
>f  the  lower  rangers,  may  well  be  termed  precipitous.  PL  I  is  a 
f  the  basin.  On  th(5  northern  sloi)es  of  the  ranges  near  the  lake 
tgniflcent  belts  of  fir,  white  oak,  and  yellow  pine.  Elsewhere, 
er,  the  only  evidence  of  vegetation  is  a  dense  growth  of  grease- 
ind  chaparral.  The  interlaced  branches  of  these  shrubs  make 
>88  through  them  painfully  difficult,  but  offer  little  resistance  to 
ng  rain  water. 

m  the  lake  Cache  Creek  flows  through  an  open  country  for  5 
with  a  grade  of  4.53  feet  to  the  mile.  It  then  follows  Cache 
Canyon  for  25  miles.  For  the  first  9  miles  of  its  course  through 
nyon  it  has  an  average  grade  of  40.33  feet  to  the  mile,  varying 
50.41  feet  to  137.04  feet.  For  the  remaining  distance  the  aver- 
t>pe  is  alK)ut  30  feet  to  the  mile.     A  view  of  the  bed  of  the  creek 
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at  the  head  of  the  canyon  is  shown  in  PL  II,  A^  and  a  view  of  the 
creek  in  canyon  is  shown  in  PI.  II,  B. 

The  mountains  which  form  the  walls  of  the  canyon  rise  seyeral  hun- 
dred feet  above  the  stream,  and  in  many  places  the  immediate  banks 
of  the  creek  Ht.and  as  i)erpendicular  cliffs  300  feet  in  height.  The  bed 
IS  generally  rendere<l  very  rocky  by  outcropping  sandstone  and  ser- 
pentine and  the  resulting  bowlders.  At  a  few  places  in  the  canyon 
settlers  have  taken  advantage  of  existing  lienches  to  raise  small  crops 
of  corn  and  hay,  but  in  no  place  is  there  a  basin  which  might  be  used 
effectively  for  storage  purposes. 

After  leaving  the  canyon  the  creek  enters  Capay  Valley,  in  Yolo 
County,  through  whi(^h  it  winds  for  a  distance  of  28  miles,  with  a 
grade  of  0.5  feet  to  the  mile.  Capay  Valley  is  20  miles  long  and  from 
1  mile  to  3  miles  wide.  It  is  hemmed  in  on  all  sides  by  hills,  to  the 
shelter  of  which  is  due  its  remarkable  productiveness.  Onoe  known 
merely  as  a  ricrh  wheat-raising  district,  it  is  fast  becoming  famous  for  its 
early  fruits.  All  stone  f  ruit«  seem  to  thrive  there,  and  in  the  npper  end 
of  the  valley  even  oranges  are  profitably  cultivated  on  a  small  scale. 
From  Capaj'  Valley  the  creek  enters  tlie  greater  Sacramento  Valley 
and  flows,  with  a  slope  of  4  to  C  feet  to  the  mile,  to  Tula  Basin, 
bordering  Sacramento  River.  There  its  natural  channel  ceases,  and 
its  waters  ent.<*r  a  canal  which  connects  the  sink  with  the  Tule  canal. 
The  latter  was  built  bv  the  Stat^  of  California  in  1864  to  drain  Tule 
Basin.  It  empties  into  Big  Lake  in  the  extreme  southeast  comer 
of  Yolo  County,  and  from  the  lake  its  waters  i*each  the  Sacramento 
through  a  slough. 

The  soil  of  Yolo  Basin  is  for  the  most  part  a  rich  alluvial  deposit, 
small  areas  of  adobe  Ixung  distributed  with  no  uniformity.  Mr.  J.  M. 
Wilson,  of  the  Department  of  Agriculture,  is  of  the  opinion  that 
''there  are  75,(KK>  jvcivs  of  good  fruit  and  alfalfa  land  abont  which 
there  is  no  question  as  to  the  use  of  water.  There  is  much  more  that, 
while  it  will  not  l>ear  the  reckless  use  of  water,  would,  with  proper 
drainage  and  can*  in  application,  Ixi  greatly  toneflted." 

PRECIPITATION. 

Copies  of  all  of  the  rainfall  records  kept  in  Cache  Creek  Basin 
were  obtained  and  are  given  further  on.  Only  one  record  of  the 
North  Fork  i*egion  has  l>een  kept,  and  that  for  only  the  last  three 
years.  Short  as  that  reconl  is,  however,  it  gives  an  excellent  idea  of 
extreme  variation,  since  the  precipitation  for  1899  was  almost  as  un- 
usually large  as  that  for  1898  was  unusually  small.  Unfortunately, 
the  records  given  are  not  all  continuous.  The  missing  records  are  as 
follows:  1888,  1889,  and  1890  at  KonoTayee;  1887,  1888,  1890,  1893, 
1894,  and  1895  at  Rumsej-;  and  1891  at  Esparto.  The  averages  would 
necessarily  ]>e  changed  somewhat  were  the  records  complete. 
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The  table  on  the  next  page  gives  the  elevation,  the  length  of  record, 
and  the  mtiximum,  minimniu,  and  average  precipitation  for  each  sta- 
tion. In  fig.  1  is  plotted  the  annual  rainfall  for  Eono  Tayee,  Lakeport, 
Ramsey,  Capay,  and  Woodland.  The  difference  in  the  records  for 
Eono  Tayee  and  Jjakeport  is  explained  by  their  locationn.  Both  are 
situated  on  Clear  Lake,  but  the  former  is  sheltered  by  the  high  bluffs 
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at  the  narrow  tontral  jmrtiou  of  the  lake,  while  the  latter  is  fully 
exposed  at  the  upper  end.  Rumsey  is  at  the  extreme  head  and  Capay 
at  the  extreme  foot  of  Capay  Valley,  and  Woodland  is  in  the  lower 
end  of  the  basin,  near  Sacramento  River,  Fig.  2  shows  graphically 
the  mean  monthly  pi-ecipitation  for  Kono  Tayee,  Rutnsey,  and  Wood- 
laml. 
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Precipitation  in  Cache  Creek  drainage  (xMiri. 


B»rtlettSpiinsB.. 

Lakeport 

Kono  Tares 

KetoeyTille 


;!: 


SSfi" 


EBtinuUA 

Bnnail 
r«1nf>a 


The  last  column  of  the  foregoing  t«ble  gives  the  e.stimated  mean 
annual  rainfall  at  Bartlett  Springs,  Lakeport,  and  Kelseyville  for  a 
period  of  twenty-three  years,  and  at  Rumsey,  Capay,  Esparto,  and 
Yolo  for  a  period  of  twenty-two  years. 
MontlUy prtcipifatiOH,  in  inches,  at  various  places  in  Cache  Creek  drainage  basin. 


BAETLETT  SPRINGS. 
[Obeerrer.  BsTtlott  Springs  Holo 

] 

T«mr. 

J«.. 

Feb. 

SUr-Upr. 

Mar.jjnno 

Jol, 

A.«. 

n«pt.  Oct. 

Nov. 

£.31 
10.04 

Dee- 

1.28 

^nnu^ 

S:::.;:;;:::;:: 

13.11 

8,36 
0.00 
1.27 

6-80  '0,T5 

oin'fl-ta 
«.Jfl   o.Ba 

0.00 

3. 47 
O.BS 

d.uu 

1,10 
fl.flO 

0.00 

ftno 

O.OD 

n.oo 

fl,flfl 

0.00    I.  to 
aoo  o.«i 

0.00  i  1,711 

a,  11 

isas 

ISOO 

Avenw-for 
remra 

PRECIPITATION. 


Monthly  precipitation,  i 


n  Cache  Creek  drainage  basin- 


LAKEPORT. 
[Obserren..  A.  U.  Rernald*  (188S-lfim).  Captain  Riim»r  (1888-1889),  uid  Hr.  Force  (18W-1W»).1 

Year- 

JkQ- 

Feb. 

Mar. 

Apr. 

Uar. 

Jnne 

July 

Ao«. 

BBpt.loct. 

Nov. 

-■ 

AnnnaJ. 

1888 

8.18 
1.48 

n.7< 
i.a* 

ll.ffl 
1.14 

4.«a 

11.48 

am 

8.  to 

2.10 
HM 

W).D1 
2.18 

5,eT 
^.m 

i(H 

I. fa 

O.IM 

1.J13 

3.«e 

JI.70 

IJE 
S,«l 

o.re 

l.TS 
4.01 

■1,H) 
O.IS 

1.80 

0,HI 
«.88 

2.S6 

a.62 

tie 

0.14 

am 

LCfi 

n,« 

2.»1 

o.oe 

0.M 

fl.a« 

0,711 
l.M 
1.38 

fl.07 
1.33 
0,M 

0  00 
0.11 
(1,94 

().ie 

0,0(1 
0,E0 
0-14 
0,€0 

i,ia 

Q.M 
U.O0 
0,« 
0.6Si 
0,38 

n,oa 

0,0(1 
O.0D 
OOI) 
ftJH) 

0,«) 

0.0) 

0,tt 

ti.ua 

0,00 

A.  00 

«.00 
ftW 

*.[* 

ft.flO 

(l.«) 

D.OU 
0.«! 

0.00 

a.UA 
HIS 

1.04 
O.0U 
0.88 

o.ai 

0.31 
itM 
0.M 
0,00 

l.U 
OflO 

».« 

O.DO 

0,ffl 

l.li 

\M 
0.O1 

l.ftl 
a.tM 

4.« 

l.lfl 

3,74 
OiN) 

0,3» 

T,WS 
i.d 

0« 
!,0S 

4.17 

i,a3 

I.IS 

8.67 

s,iV 
3.WI 

ia,ii 

4  ]« 

aiii 

a.OT 

J.«3 

5.47 

80.34 

1889 

1890 

IWl 

WW 

lao 

37.07 
3B,00 

a,  SO 

S.6I 

IWT ... 

1888— 

14.  en 

3.15 

a.«8 

3B.oa 
ffi,ia 

ATenne  for 

Note.  —The  flgnrea  tor  the  yeani  18 


it  three  records. 


Year-         Iimi. 

Feb. 

-' 

Ai.. 

M»r 

Jc™ 

Julj- 

a™ 

Sept 

Out. 

Nov.   Dec. 

Aimiul. 

0.00 

0,00 
0.00 

O.O0 

aOo 

0,00 
A.  43 

o.n 

(iM 
0.00 

0.86 

a.0D 

0,41 
O.BI 

0,03 

1.84 

o.» 

o,u 

0,23 

1.06 
0,» 

0,00     0.00 

8.98     S,13 
a,W     0,00 

a.si  i.»8 

1,37    0  33 

B.W  6,ra 

3,W    I.B2 

2,flO    1.7! 

OflO  i  s.aa 

0,lB    0.83 

o.fla  1  s.aa 

0.W 
AflS 

ai7 

14,  W 

a,o.i 

3.00 
(.93 
ILM 

n.ii3 
a.»l 

a,  IB 

4.74 

a.M 

asi 

fi.36 

aOo 

1.*) 

3.«e 
O.0O 

ft  10 

7,14 
«.4T 
U.4S 

0,86 
I.M 

o.ia 
1.70 

0,42 
OM 
0.00 

0,01) 
0,41 
0,04 

0.13 

0,40 

0,06 
0,00 

o,fia 

0,00 
0,43 
0.00 
o.so 

OflO 
0.00 

0.00 
0,00 

0.00 
0,00 
0,00 

0.00 

a,oO 

0,00 
0,00 

0,07 
OM 

187S 

»,BT 

vm 

H,B7 

IWB _. 

?" 

035  1  0.nO    0.00 
OflO    0,(«   uxti 

4.ne;n,no  0,00 

0.4^    0.00    0.00 

000 'o,ou:  0,00 
0.00  0,  no  0,00 

LTl 
1,40 
1,1T 

tiv 

B,B1 
0.flB 

1,81 
0.ai 

a,7fl 

10,46 
fi.l3 

*.sei 
iM 

1,01 

8,17 

UH 

1888- 

11.  B4 

S,85 
13. 7S 

lan 

!«B 

1803 

IBKi 

0« 

B.ia 

3.U 
8-93 
14.34 

i-ia 

S.B8 
J5.41 
ODD 
3.13 

a,7fi 
d-U 
S,«li 
2.£9 

2.W 
1,9T 

0.fll 

«.« 
ttoe 

O-M 

3,sa 

0.80 
1,37 
0,5S 
0.00 
t,ll 

OOB 

0  4G 
0,«7 

0  0! 
0.49 
0.00 
0.00 
0.O0 
O.DO 
0.48 
0.44 

o.a 

0.00 

0,00 
0,00 
0,00 

0,00 

0,00 
0,00 

Q.OD 

0.0D 

AOO 
U,«0 
0.00 
0.00 

0,00 
0.0.1 

O.00 

0.83 
0.71 

am 
o.al 

0.D0 

0.43 

0,84 
o,ia 

1.S3 
0,00 

1.21 
0.44 
3.7fl 

0.37    4.M 

i),6a  B.fi7 
ass  S.3S 

<l,74  10,81 

1.68  a.  la 

a,  31    .1-03 

a.  18 
«,1T 

n,ia 

3S.65 

1888 

ft.Ti 

7.fl 

aio 

6.M 

1,31 

10,80 

Haaii  for 

4.8S 

a,M 

&H 

1.B8 

o.«ilaa} 

..» 

0.1K 

i"" 

l"-* 

Tb-lft 

...^ 

w.»« 

WATER   STORAOE   ON   CACHE   CBEEK,  CALIPOBNIA. 


Monthln  prtiiipitatio 


Tear. 

'":, 

Feb. 

"^ 

Apr 

M^ 

--"" 

A„.. 

a.,»l<».. 

N... 

D« 

AnniuL 

«.;o 

r).S7 
1.13 
4,.W 

1,15 

E.aG 

12-88 

l.GU 

10.*) 
2.V! 

IS.^ 

0-W 

i.sj 

l.K 
O.00 

T.n 
i« 

J-lt 

0.U 

0.01 

OSS 
18» 

a.DB 

1.(6 

(I.fi0 
D.«S 

l.M 

O.IT 

I 



0.00 
fl.UO 

0.00 

«.ad 

fla>'  lias 

1.30 
O.IM 
O.tM 
(LOU 

1.-W 

l.w 

IMS 

11.71 

■*.aa  1  i.w 



I 

1        1 

[Obwrrerx.  OpUlo  Bnmsey  ( IVTO-lwt; 

EUMSKY. 
>nd  BontherD  Paclflc  Itallroad  Company  (IWl-lM)-] 

Year. 

.,„.lF.b. 

Uiir. 

Apr.  1m.  J.  Liu™ 

JnlT,|Ang 

Sept, 

0.1,1  No., 

D«c- 

AddibI 

O.Sfl 
O-OO 
41.00 
0.1» 

0.18 

0.27 
0,gS 

U.iM 

4.5: 

4.10 

l.H 
S.U 

l.« 

7.«i 

1.31 
«.S7 

3.(e 

4.80 

IT.  OS 

a,  a: 

S.S1 

r.i6 

13S 

1.LB 

1.30 

a.a 

a.s6 

O.H) 
HU 

0.07 

a.  ST 

ia.» 

S.U 
S.4i 
0.«l 
6.  TO 
3.7(1 
OfW 
0.1fi 

10.W 

a,7B 

1.13 
340 

T.ll 
11.10 
1.10 

\M 
IW 

ao3 

S.77 
2.10 
1.S3 
O.«0 
■tJS 
l.fi5 

i-«5 

10.74 
I.Tl 
1-23 

i.ia 

4.43 

l,W 
4,17 

U.Ml 

oto 

IZ 

o,uo 

0.00 
It,  00 

0.00 

o.'o 
o,ub 

a!ao 

0,00 

fl.sa 
a  00 
4),  60 
0-84 
aso 
4).«3 
D,S5 

B 

TMI) 

I.Dl 
1  SB 

0-18 
S.4& 
0.IC9 

ft  ID 

u.m 

ttl7 

JI.0O 
0.0i 

0,00 
s.aa 

0,18 

oos 
D.A3 

3,00 
4),  34 
0,00 

13.  aa 
a04 

3,80 
tt57 

COS 

B.aa 
G,aB 

l.K 

31  tl 

liT 

IWI 

34.  a 

UW 

U.00 
0,00 

(1.00 

o.<» 

0-88 

o.flo 

4^,00 

4),a6 

10.  S7 

4  011 

11,87 

„ 

170 

5.15 
11.10 

0.00 

l-M 

o.n 

11.45 
fl.00 
0.00 
*.6I» 
U.£S 

O.0O 

iiM 
0.38 

U-UO 

o,n) 

0,00 

V.IM 

0.00 
o,w 

41,(11 

4).  no 

4),  00 
4).W) 

11,00 

s.v> 

4,81 

0,00 

is; 

5,(S 
0,B5 

... 

, 

1». 

a.a 

All 

Aoe 

a.u 

&U 

ftif 

0,S7 

(LOO 

0.00 

0.18 

o.n 

tw 

.„ 

S.K 

CAPAY 

[Ob»er¥er.H.J.T«l»r.] 

Ywr. 

Jan. 

Pet 

Uu, 

Apr, 

May 

Jni».|July 

A.„ 

Seiit 

<*'■ 

Not.   Dec, 

Aiuiul 

7.44 
0.00 

9.7!  ;i3.2£ 
0.00  13,50 

10.30 

out 

4.41 

4.43 

nsi 

4).  SB 

1,8! 

11  V> 

0.0) 

0.410 

0.0(1 

O.40 

1883 

3,02 

Z/K 

2,21 

fl,4S 

4),«1 

»,i« 

n,nl 

0.00 

<),rin 

0,B7 

0.88  '  0.33 

38.  St 

IHB 

4.11 

4.(» 

S.411 

l-U 

a.iS3 

o.<ja 

ii,on 

0,4)0 

4).  18 

0.18 

IH) 

l,M 

20.31 

18W 

7.04 

a.  as 

1,11 

0.74 

1.70 

0,00 

LM 

0.44 

1  7B 

IBIK 

13.  M 

l,4MI 

3,41 

\M 

0.4)0 

1,01 

U.I1IJ 

2,43 

1  00 

24  « 

O.IID 

2.71 

4).lVI 

41.  RT 

0.00 

n.41 

4).f>n 

8.13 

son 

32.77 

4;)T 

Ol-i 

oft) 

l» 

0X0 

WW 

0.B7 

i.m 

0,71 

aoo 

o.oo 

0,88 

0.W 

0,20 

1,31 

A« 

IWD 

8.«n 

0,4m 

S,fll 

1),Ah 

0,14 

0.410 

0.00 

0.00 

S.8R 

a,u 

3-ft) 

O-JO 

3.07 

l-(«i 

0.64 

PRECIPITATION. 


MorUhly  precipilatio 


KSPARTO. 
[ObBBTver.  Thoinu  Kennedr-l 


Yew. 

Ji.li. 

Feb. 

Mar. 

Apr 

Bl»y 

J,.„« 

"' 

Ang. 

8«pt 
«.6t 

aou 

ttSS 

Oc-L 

0.00 
0.01 
O.U0 

Sot 

aia 
am 

3.Qi 

«.I1D1»|I. 

im 

7.38 

am 
12.  ee 

U.flS 
*8l 

l.CW 

3.77 
10.M 
1.70 

7,  as 

iM 

a.  no 

4.58 

1.CU 

0.28 

aM 
l.in 

(1.67 
11.00 

0.1« 

1.59 

as 

OSS 

(.JO 

(1.31 

2.30 

0.6S 
I.B8 
I.S5 

LM 

aao 

0.3S 

A.H) 
0,05 

(LOO 

II.  dO 
u.vb 

D.UO 
0.«l 

a.«o 

0.31 
0.(MI 
ft.W 

am 

n.03 

»7fl8 

a.uu 
o.n) 
au) 

0.07 

aoD 

0  00 
o.co 

0.00 

U.U) 

ara 
0.00 

0.40 
0.00 

ll.« 

4.00 

aoo 
1.10 

1.LS 

a.u 

0.13 

o.«i 

aoo 
o.uo 
i.« 

0,07 
1.S8 
1.8S 

tjjn 

s.ae 

LIS 

0.2s 

0.8a 

3.38 

O.oo 

1.38 

5.01 

8.38 
0.87 

1.08 

3.03 

IBM 

aiK 

11.M 

30.30 

Averai 

Wfor 
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WOODLAND. 
[ObMrren,  SoDthernPkclflcKkllrckdConipwir  (leTg-U09)  uii]  Elsknidniv  store  (UH-ll 


Ye»r. 

Jan. 

Feb, 

Ubf, 

"" 

MbT- 

Jniie.:Jalr. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Animal. 

Ib7»-. 
IH7B... 
U80... 
1»1... 
ISM— 

«,1I 

a.oi) 
4,ei 

0.W 

l.« 

&i7 
1.13 

*,T8 

aso 

4J0 
aoo 

5.10 

0,42 
8,06 
«.W 
tl3 

a,s3 

11.81 

a,M 

S,«i7 

S,38 
3,3U 

i.eO 

l.M 

i.ae 

0.U 

a.s4 
a.ij 

0.0O 
G,£8 

O.W 
S.*0 
8.08 

2.J3 

a.  78 

£.]£ 
1.28 
Oil 

6.S1 
3.3S 

a.S3 

1.06 
1.8(1 

a.la 

I.N 
0.10 
1.31 

oce 

£.38 

8.21 
8.  SB 
0.3S 

S.U 
3-00 
0-88 
OM 

IZ 

1,47 

i.«a 

1,37 

asa 
4,  to 

0.10 
0.<1S 

III 
Iss 
u.«s 

QAi 
OM 
0.73 
0,i5 

a.H 

OIS 

1.118 
U-85 
11.00 
(I.M 
*.13 

0.110 
«-« 

1.10 
1--W 
l-UO 

a*3 

S.SX 
0.fll 
L4fl 
0.U 

ft  7a 
«3e 

1.38 

0,00 
on 

aoo 
o.b:i 

4.00 

aoo 
0.00 
aoo 

E 

ass 

ano 

0.00 

o.oo 
aoo 
avr 

aoo 

a« 

o.o» 
ai8 

O.Tfl 

0.00 

0.«l 
0.0O 

0,l» 
0.00 
OOO 

ouo 

0.00 

aoo 
ooo 

OUI 
0.00 

aoo 

oin 

0,00 
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STREAM  MBABUBKMENTS. 

Measurements  were  made  of  the  diHcliarge  of  all  of  the  smalt  Btream» 
in  which  water  was  flowing  at  the  time  they  were  visited.  The  flow 
of  the  main  stream  at  its  various  junctions  with  other  streams,  was  also 
recorded,  to  show  the  comparative  value  of  the  branches.  During  the 
latter  part  of  July,  1900,  a  series  of  measurements  was  carried  down 
Cache  Creek  from  Rumsey.  A  similar  series  was  made  by  Mr.  Wil- 
son a  month  earlier.  The  results  of  both  series  are  given  in  the  tabl« 
on  the  next  page.  Mr.  Wilson's  measurements  show  a  slight  increaw 
in  discharge  between  Rumsey  and  Capay,  but  the  records  taken  a  month 
later  show  a  gradual  decrease. 

Below  Capay  the  creek  widens  until  in  some  places  it*i  gravel  bed  h 
1,000  feet  from  bank  to  bank.  Above  Woodland  it  narrows  again  t« 
100  or  200  feet,  and  flows  l)etwcen  clay  hanks  ;tO  to  50  feet  high. 
Below  Capay  part  of  th<'  liow  sinks  into  the  gravel,  but  it  reappears 
again  just  above  Moore's  dam. 

The  measurements  taken  in  July  show  discharges  as  follows:  At 
Capay,  88.1  second-feet;  opposite  Madison,  54.6  second-feet;  above 
Moore's  dam,  69  secoud-feet.  The  htst  measurement  takea  was  on 
July  24,  at  Stevens's  bridge,  2  miles  below  Moore's  dam.  A  half  mile 
below  the  bridge  the  stream  ceased  to  flow,  leaving  the  gravel  bed 
dry.  A  few  miles  farther  down  the  creek  water  was  found  standing' 
in  pools,  the  underlying  clay  stratum  having  forced  it  to  the  surface; 
but  whatever  flow  existed  was  within  the  gravel. 

In  the  following  table  are  recorded  the  i-esults  of  the  measure- 
meats  of  the  main  creek  and  its  tributaries: 
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Discharge  measurements  of  Cache  Creek  and  its  tributaries. 


Date. 


1900. 

Jane  25 

June  37 

June  29 — 
July  17.... 
July  30.... 

Do 

July  31.... 
July  23.... 

Do 

Do 

July  24.... 

Do 

June  29 

Do 

Do 

June  28 

June  30 

Do 

Do 

July  3 

Do 

Do 

Do 

Aner.  30.... 
Aug.  37 


June  39 

June  30 


June  27. 
June  30. 

Do.... 
July  2.. 

Do... 

Do.... 
July  8. 
July  13. 

Do..-. 


July  16. 


Stream. 


Cache  Creek. 
do 


do 

do 

do 

do 

.....do 

Adams  ditch. 
Cache  Creek. 

....do 

Moore  ditch . 
Cache  Creek. 
.....do 


do 

....do 

do..^^ 

do 

.....do 

Moore  ditch . 
Cache  Creek . 

do 

.....do 

Tule  canal . . . 
Cache  Creek. 
....do 


North  Fork. 
....do 


Bear.Creek 

Long  Valley  Creek 

Wolf  Creek 

North  Fork 

Bartlett Creek  .... 

Stanton  Creek 

North  Fork 

Scotts  Creek 


Middle  and  Clover 

creeks. 
Kelsey  Creek 


Point  of  measurement. 


At  Bumsey 

At  Bear  Creek . 
At  North  Fork 
At  Clear  Lake . 

AtRnmsey 

At  Tancrod 

AtCapay 


At  Madison 

At  Moore's  dam . 


At  Stevens's  bridge 

At  Rumsey 

AtTancred 

Five  miles  above  Capay 

AtCapay 

At  Esparto 

At  Madison  bridge 


At  Stevens's  bridge  . . . 

At  Nelson's  bridge 

At  Cache  Creek  sink  . . 

Opposite  Woodland 

At  Clear  Lake 

One-fourth  mile  above 

Rumsey. 

At  mouth 

Above  Long  Valley 

Creek. 

At  mouth 

.....do 

One  mile  above  mouth 
Above  Bartlett  C^reek  . 

At  mouth 

do 

At  Little  Indian  Valley 
Eight    miles    above 

Clear  Lake. 
Near  Upper  Lake 


Hydrographer. 


E.  Chandler 
.do 


do , 

do 

do 

do 

do 

do 

do 

do 

do 

do 

J.  M.  Wilson. 
do 


-do 
.do 
.do 
.do 
.do 
-do 
.do 
.do 
.do 
.do 
.do 


A.  E.  Chandler 
do 


Two  miles  above  Kel- 
seyville. 


.do 
.do 
do 
-do 
.do 
.do 
.do 
.do 

.do 


...do 


Area 

of 

sec 

tion. 


8q,/t. 
78.3 
116.8 
68.4 
68.0 
54.3 
43.0 
67.9 


36.9 
44.0 
73.1 
23.7 


Mean 
veloc- 
ity. 


Ft  per 
aec. 

2.413 

1.336 

2.360 

L572 

L705 

2.079 

1.532 


1.621 
1.568 
0.676 
0.899 


4.7 

4.8 

1.8 
3.8 
0.5 
6.6 
1.9 
1.3 
4.4 
0.8 

2.1 

5.4 


Dis- 
charge. 


L085 
1.333 

1.000 
0.763 
LOOO 
0.500 
0.737 
1.154 
0.636 
0.625 

0.714 

0.853 


Secft. 

188.0 

156.0 

161.4 

106.9 

93.6 

89.4 

88.1 

6.8 

54.6 

'    69.0 

49.4 

20.4 

166.8 

167.5 

173.6 

161.6 

163.7 

140.9 

60.5 

75.8 

53.0 

61.3 

29.7 

39.6 

37.6 

5.1 
6.4 

1.8 
3.9 
0.5 
3.3 
1.4 
L5 
3.8 
0.6 

1.6 

4.6 


IRRIGATION  WORKS. 

That  water  can  successfully  be  diverted  from  Cache  Creek  is  proved 
by  the  number  of  irrigating  dlt<;hes  that  have  been  constructed  in 
Yolo  County.  Only  one,  however,  the  Moore  ditch,  is  of  present 
imiK)rtance.    Two  others,  the  Capay  Valley  ditch  and  the  Adams 
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ditch,  are  being  Uhjed  IIuh  summer  (1I»0<.))  on  a  small  scale;  that  they 
are  not  in  general  use  is  due  to  protra<*te<l  litigation  over  water  rights, 
the  common  bane  of  irrigation  throughout  California. 

CAPAY   VALLEY    DITCH. 

The  first  ditch,  in  jwint  of  position,  lo  take  water  from  Cache  Creek 
is  the  Capay  Valley.  The  diversion  works  (see  1*1.  Ill,  A)  are  situ- 
ated on  the  right  bank  of  an  old  channel  of  the  stream  at  the  very 
head  of  Capay  Valley.  Tlie  d  itch  was  l)egun  in  1871,  and  abont  12  miles 
were  constructed  l)ef ore  work  was  stopped  permanently  in  the  fall  of 
1873.  The  original  plan  was  to  irrigate  all  of  Capay  Valley  on  the 
south  side  of  the  creek  (about  13,(K)0  acres),  but  it  is  probable  that 
not  more  than  8  miles  of  the  canal  were  ever  used. 

It  was  started  with  a  bottom  width  of  24  feet,  bat  after  the  first  half  mile  was 
narrowed  to  a  width  of  16  feet,  and  at  the  end  of  the  third  mile  again  ocmtiaoled 
to  8  feet.  The  lower  end  of  the  ditch  was  widened  to  10  or  12  feet  on  the  bottcm. 
Indeed  the  ditch  seems  to  have  been  characterized  by  a  total  lack  of  syBtem  in  its 
construction.  The  fiumes,  of  which  there  are  six,  crossing  small  tribntarieB  of 
Cache  Creek,  are  quite  as  devoid  of  regularity  as  the  dimensions  of  earthen  chan- 
nel. They  are  usually  4  feet  deep  and  vary  in  width  from  8  to  16  feet.  Thej  are 
constructed,  strange  to  say,  of  Oregon  fir  throughout,  a  timber  of  great  strength, 
but  poorly  Adapted  to  structures  which  are  alternately  wet  and  dry.  Am  a  nata- 
ral  conse(iuence.  the  flumes  have  decayed  rapidly  and  are  now  wretchedly  out  of 
repair. ' 

At  present  (1900)  the  ditch  beyond  the  first  3  miles  is  simply  an 
undulation  of  the  surface,  and  not  a  trace  of  the  fiumes  described  by 
Mr.  Schuyler  is  to  be  found.  Very  little  has  been  done  with  the  ditch 
since  1886,  when,  after  three  trials  in  the  lower  courts,  the  supreme 
court  affirmed  a  judgment  ^^ forever  enjoining  the  company  from  tak- 
ing water  from  Cache  Creek  at  any  and  all  times  when  such  diversion 
would  interfere  with  the  flow  of  a  sufficient  quantity  (432  cubic  feet) 
in  the  Moore  ditch."  This  summer  (1000)  the  first  2  miles  of  the  ditch 
were  used  by  the  fruit  growers  owning  farms  ahrng  it.  They  took 
turns  in  using  the  water,  and  in  July,  when  the  creek  was  low,  by 
their  combined  efforts  a  diverting  weir  of  brush,  straw,  and  stones 
was  thrown  across  the  creek.  No  payment  whatever  is  made  by  them 
to  the  company. 

TWO    PROPOSED    CANALS. 

In  the  rei)ort  just  cited  Mr.  Schuyler  descril)es  a  dam  many  of  the 
timber  bents  of  which  still  stand  intact,     lie  siivs: 

In  addition  to  the  Capay  ditch,  the  Clear  Lake  Water  Works  began  another 
work,  which,  as  projected,  w&s  the  most  comprehensive  scheme  for  the  disposal 
of  the  waters  of  Cache  Creek  ever  attempted.  It  contemplated  the  conBtmotion  of 
two  large  canals  taking  their  head  at  a  point  some  three  miles  above  the  Tillaga 

1  Report  on  the  works  and  practice  uf  irriijration  in  Yolo  County,  by  J.  D.  Schuyler: 
ofCklifomiM  State  Engineer,  18^,  Apiiendix  E,  p.  l«&. 
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MOORE   DITCH. 

The  Mooro  ditch,  the  oldest  and  most  important  ditch  on  Cache 
Creek,  was  built  in  1850.  It  heads  8  miles  alx)ve  Woodland,  and  orig- 
inally was  8  feet  wide  on  top  and  2  feet  deep.  In  1863  it  was  enlarged 
to  a  bottom  Addth  of  16  feet.  In  1881  the  grade  was  changed  from 
1.34  to  2.34  feet  to  the  mile,  and  by  extending  the  ditch  upstream  a 
gain  of  10  inches  in  the  fall  was  securo<l.  At  the  same  time  a  timber 
dam  was  constrneted  across  Cache  Creek,  24-foot  piles  being  driven 
into  the  stream  bed.  Prior  to  the  construction  of  this  timber  duo 
temporary  dams  of  brush  and  earth  were  constructed  as  soon  as  the 
water  became  low  in  summer,  but  they  were  carried  out  by  the  first 
fall  flood.  The  timber  dam  was  swept  away  by  the  storm  waters  of 
1889-90,  and  has  not  been  replaced. 

At  present  the  main  ditch  and  it^s  branches  have  a  total  length  of 
about  80  miles.  The  branches  are  under  the  management  of  suboor- 
porations,  the  two  most  important  being  the  South  Fork  Water  Ditch 
Company  and  the  Farmera'  Irrigating  Ditch  Company.  The  ditch  of 
the  former  w^is  l>egun  in  1864,  and  now  has  a  length  of  4  miles  and  a 
capacity  of  40  second-feet.  It  is  v-shai)ed,  20  feet  wide  on  top,  4  feet 
deep,  and  has  a  grade  of  one-half  foot  to  the  mile.  It  has  a  cai)acity 
to  irrigate  2,000  acres;  it  lias  irrigated  1,000  acres.  The  original  cost 
was  $2,400;  but  it  could  be  constructed  now  for  $800.  The  cost  of 
irrigating  varies  from  50  cents  io  $2  an  acre.  The  branch  under 
the  Farmers'  Irrigating  Ditch  Compauy  was  also  started  in  1864.  It 
is  1 J  miles  long  and  controls  4  miles  of  laterals.  The  top  width  of 
the  ditch  is  IG  feet,  the  lx)ttom  width  8  feet,  and  the  depth  from  S^  to 
4  feet.  Its  capacity  is  20  second-feet,  and  1,0(X)  uteres  are  irrigated  by 
it.     The  original  cost  was  62,4(X). 

The  maximum  rate  at  which  water  maj'te  sold  is  fixed  by  tibeboftrd 
of  supervisors  of  Yolo  County  at  '**4  per  foot  for  the  period  rf  S4 
hours,  with  the  water  flowing  in  at  the  rate  of  2  feet  per  Beoond. 
*  *  *  The  me«asurements  shall  be  made  from  the  top  of  a  wrir  4 
inches  high,  constructed  in  the  bottom  of  the  bulkheada  wliere 
measurement  is  made,  and  over  which  well's  such  water  moat  fljonr." 

Although  a  capacity  of  432  second-feet  is  claimed  for  the  Moore 
ditch,  it  seems  impossible  that  it  ever  could  have  carried  half  thit 
amount.  The  banks  have  been  allowe<l  to  silt  up,  and  now  are  eoT- 
ered  by  a  luxuriant  growi^h  of  water  weeds,  which  necessarily  rednoes 
the  efficiency  of  the  canal  to  a  minimum.  The  headworks  are  sub- 
stantial and  are  admirablj^  situated.  (See  PI.  IV,  A,)  It  is  said  tiuU 
even  when  the  creek  is  dry  through  C^apay  Valley  there  is  a  snpj^y 
at  the  headworks.  It  is  deplorable  that  a  durable  diverting  dam  htf 
not  been  built,  for  the  temporary'  dam  of  earth  and  brush  is  not  eon- 
structed  until  June,  and  as  a  result  the  farmers  are  not  able  to  rei^ 
the  benefits  of  late  spring  tloodmg. 
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LANGENOOR   AND    HENNIGEN    DITCHES. 

Below  the  Moore  ditch  there  are  two  private  ditehes — the  Lange- 
noor,  which  heads  ou  the  north  bank  of  the  creek  a  half  mile  below 
Nelson's  bridge,  and  the  Hennigen,  located  on  the  south  side  a  mile 
above  the  canal  connecting  Cache  Creek  with  the  Tule  canal. 

Regarding  the  construction  of  the  Langenoor  ditch  Mr.  J.  D.  Schuy- 
ler writes : 

The  ditch  was  constructed  and  first  used  in  1864  to  irrigate  20  acres  of  grain. 
*  *  *  At  its  head  there  is  an  underlying  stratum  of  clay  in  the  creek  bed,  at  a 
depth  of  but  4  feet,  which  brings  water  to  the  surface.  To  force  all  of  the  water 
t  >  top  a  double  row  of  sheet  piling,  about  40  feet  apart  and  100  feet  long,  has  been 
driven  into  bed  of  creek,  covered  with  a  floor  even  with  the  surface.  In  connec- 
tion with  this  arrangement  was  a  low,  movable  dam,  intended  to  be  raised  during 
low  water  and  removed  when  the  floods  came. 

A  few  of  the  upright  posts  of  the  dam  and  a  part  of  the  wooden  floor 
now  remain.  At  the  head  of  the  ditch  is  an  old  wooden  head  gate,  or 
bulkhead,  as  it  is  called,  which  was  constructed  in  1877.  (See  PI.  IV, 
Jj,)  It  is  20  feet  wide  and  12^  feet  high,  and  has  two  sets  of  gates 
(four  gates  in  each  set)  18  feet  apart.  The  gates  are  made  of  3-inch 
timber,  and  are  4  feet  wide  by  3^  feet  high.  In  1888  a  wall  of  masonry 
16  feet  high  was  constructed  across  the  ditch  140  feet  from  the  old  head 
gate,  and  the  ditch  between  the  two  was  lined  with  a  wooden  flume. 
Through  the  base  of  the  masonry  there  are  four  channels,  each  3.8 
feet  wide  by  2.6  feet  high,  which  are  closed  by  means  of  wooden  gates. 
The  ditch  is  a  half  mile  long,  24  feet  wide  on  top,  10  feet  wide  on  bot- 
tom, and  5  feet  deep.  In  April,  1000,  it  was  used  to  iiTigate  100  acres 
of  alfalfa  and  70  acres  of  fruit.  As  the  creek  at  this  point  is  dr}'  b}'^ 
the  end  of  July,  the  ditch  can  be  used  onl}^  in  spring  and  early  summer. 

The  Hennigen  ditch  was  constructed  in  1887.  It  is  1  mile  long,  30 
feet  wide  on  top,  10  feet  wide  on  bottom,  and  2^  feet  deep.  It  has  a 
capacity  of  15  second- feet,  and  controls  700  acres,  200  of  which  it  has 
irrigated.  The  original  cost  wjis  12,200;  up  to  the  present  time  $4,400 
has  been  expended  on  it. 

PUMPING  PLANTS. 

Not  being  able  to  rely  upon  the  irrigating  ditches,  many  of  the 
farmers  about  Woodland  have  resorted  to  pumping  from  Cache  Creek 
and  from  wells.  Now  that  their  pumping  plants  are  established, 
most  of  the  operators  find  them  so  effective  that  they  would  hesitate 
to  abandon  them  for  even  an  improved  system  of  ditches. 

Outside  of  the  vicinity  of  Woodland  the  only  pump  used  for  irriga- 
tion this  season  was  one  in  charge  of  E.  F.  Hoswell,  of  Rumsey,  in 
Capay  Valley.  The  pump  and  engine  are  mounted  on  a  wagon,  and 
are  mctved  from  farm  to  farm  as  necessity  requires.  The  engine  is 
an  18-horsepower  gasoline  engine,  known  as  the  Hercules.     Its  cost 
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was  f^UOO^t,  and  it  uses  22  gallons  of  distillate,  costing  IC^-  cents  a 
gallon,  in  a  working  day  of  ten  hours.  The  pump  is  of  the  centrifu- 
gal pattern,  and  has  a  capacity  of  7(M)  gallons  a  minute.  Its  cost  was 
$150.  Wator  is  pumpcKl  directly  fnmi  the  creek  and  forced  throagfa 
8-ineh  pipe  to  the  field  to  l>e  irrigated,  and  often  it  is  elevated  to  a 
height  of  55  feet.  The  average  eost  of  o[)e ration  is  $1  an  acre.  A 
view  of  this  i)ortable  pumping  phuit  is  shown  in  PL  V,  A,  and  a  viev 
of  the  pumping  plant  of  Rolx'rt  Morrison  in  o|)eration  on  Cache  Creek 
is  shown  in  PL  V,  B. 

In  the  \V(KKlland  district  Iheiv  are  not  fewer  than  twenty  piaoes 
when*  pumps  ai'e  now  used.  Eight  of  these  depend  nix>n  GMhe 
Creek  for  their  supply.  As  the  i)umping  ])lant^s  are  all  below  If  cove's 
dam,  the  supply  is  generally  insufficient  aft^r  the  middle  of  July. 
When  visited  in  tin*  lat(»r  part  of  July,  lOOO,  the  pumps  on  the  creek 
could  Ix^  used  only  a  half  day  at  a  time.  There  was  no  wat«r  flowing 
in  the  creek,  hut  long  pools  had  formed  where  the  wat-er,  percolating 
through  the  gravel,  was  forc(»d  to  the  surfiice.  It  was  from  depres- 
sions in  these  pools  that  the  pum[)iug  was  done,  and  w^hen  the  supply 
was  exhausted  the  i)umps  were  stopped  until  the  pool  filled  agftin. 
In  some  places  earthen  dams  1  foot  or  2  feet  high  were  thrown  aorott 
the  bed  to  hold  the  water,  and  small  ditches  were  dug  between  the 
pools  above  to  let  more  water  down. 

Those  who  use  wells  report,  an  unlimit^^d  supi)ly.  In  April,  1897, 
Mr.  C.  S.  Mering  pumped  eighteen  days  and  nights  with  a  pump  hav- 
ing a  capacity  of  3,n00  gallons  a  minute,  and  noticed  no  diminution 
in  the  supply.  Mr.  R.  B.  Blower  has  used  his  well  since  1879,  audit 
has  never  failed  to  furnish  a  supply. 

With  the  exception  of  the  gasoline  engine  of  Mr.  S.  V.  Scarlet^  all 
of  the  engines  in  use  are  st<»am  engines.  Straw,  brush,  wood,  and 
coal  are  used  for  fuel.  The  averages  price  paid  is  75  cents  a  load  for 
straw,  84  a  conl  for  wood,  ^8.5()  a  ton  for  coal,  and  11  cents  a  gaUini  for 
giisoline. 

Mr.  S.  V.  Scarlet's  engine  is  portable,  and  is  used  by  nine  of  kis 
neighboi's.  In  some  cas(»s  tlie  pumps  are  used  to  furnish  water  to 
fields  adja<*ent  to  lands  of  the  owner  as  well  as  to  his  own  fields.  Tlie 
table  in  the  following  discussion  on  underground  waters  fC^Tea  tke 
moi'e  imiK)ilant  d(*tails  reganling  these  puuiping  plants. 

ITNl>T5ROROlTXI>  WATERS. 

DEPTH  OF  WATER  PLANE. 

As  may  be  seen  in  the  following  table,  th<»  depth  at  which  water 
may  be  found  at  the  pump  sit<»s  varies  from  10  to  25  feet.  It  is  not 
unusual,  however,  foi'  the  depth  at  two  ])oints  on  a  c-omparatiyely 
level  farm  to  differ  considerablv  more  than  this. 
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Irrigatitm  pumping  plantt  in  Woodiand  diatriet. 
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cOneirrigstlon. 


This  spring  (1900)  the  firm  of  Botsford  &  Blithroad  hored  a  number 
of  wells  along  the  roads  leading  from  Woodland,  for  the  use  of  water- 
ing carts.  The  depths  to  first  water  and  gravel  in  thirteen  of  these 
are  as  follows : 

Well  boringi  near  Woodland, 

tb  to       Deptb  Ui 
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In  borings  Nos.  7  and  8  no  gravel  was  enconntered,  although  the 
borings  extended  to  a  depth  of  92  feet.  The  average  depth  to  water 
of  these  13  borings  is  17  feet — a  depth  which  the  experience  of  other 
well  borers  has  shown  to  be  a  good  average  for  the  irrigable  lands 
about  Woodland.  In  1883-84  borings  were  made  by  engineers  to 
determine  the  depth  of  the  water  plane  through  Hungry  Hollow,  a 
depression  just  northwest  of  Moore's  dam,  the  results  being  submitted 
in  the  case  of  Moore  v.  Adams.  The  following  depths  have  been 
taken  from  the  profile  of  the  1884  borings,  the  lines  starting  at  Cache 
Creek  above  Moore's  dam  and  running  5  miles  into  Hungry  Hollow: 

Borings  to  determitie  depth  of  toater  plane  through  Hungry  Hollow. 


i     Distance 
from  creek. 

Depth  of 
wAter  plane. 

MiUM. 

Feet. 

1 

14 

2 

14 

3 

16 

4 

19 

5 

23.5 

NoTR.— The  water  plane  was  reported  to  be  l.S  feet  higher  in  1883  than  In  1884. 

ARTESIAN  PLOW. 

There  is  only  one  artesian  well  in  Yolo  County.  It  is  on  the  Dins- 
dale  place,  1  mile  east  of  Woodland.  It  has  a  depth  of  134  feet  and 
a  diameter  of  5  inches.  When  visited  during  the  latter  part  of  July, 
1900,  the  discharge  was  very  small,  but  it  is  said  to  be  considerable 
during  the  wetter  seasons. 

TRIBUTARIES  IN  CAPAY  VAUjEY. 


The  hills  on  the  right  and  left  of  Capay  Valley  are  cut  up  into  a 
series  of  small  canyons,  with  sharp  ridges  between.  Consequently, 
the  watersheds  are  so  small  and  the  slopes  so  steep  that  little  or  no 
water  is  to  be  found  in  the  canyons  after  the  rains  have  ceased.  The 
most  important  of  these  are  Rumsey  Canyon,  at  the  extreme  head  of 
the  valley,  and  Cadenasso  Canyon,  near  its  f  oot,  both  on  the  west  side. 
On  June  23,  1900,  there  was  a  trace  of  a  stream  in  the  former  canyon 
to  a  point  2  miles  above  its  mouth,  where  the  water  sank,  leaving  the 
rest  of  the  bed  dry.  During  the  summer  water  stands  in  small  pools 
in  Cadenasso  Creek  after  it  reaches  the  valley,  the  bed  above  being 
dry.  The  slope  of  the  beds  of  both  canyons  is  so  great  and  the  width 
so  small  that  even  if  a  sufficient  drainage  area  existed  they  could 
not  profitably  be  utilized  for  storage  purposes. 
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FISKE  AND  DAVIS  CREEKS. 

These  creeks  are  usually  marked  on  the  maps  of  this  region.  Both 
enter  the  main  creek,  from  the  south  side,  in  Cache  Creek  Canyon. 
Like  the  smaller  streams  in  Capay  Valley,  they  are  dry  soon  after 
the  last  rains,  and  their  beds  remain  dry  washes  until  the  next  wet 
season. 

BEAR  CREEK. 

Other  than  the  North  Fork,  the  only  tributary  to  Cache  Creek  of 
any  consequence  is  Bear  Creek,  which  enters  the  main  stream  on  the 
north  side,  5  miles  above  the  mouth  of  the  canyon.  Twelve  miles  up 
the  creek  is  Bear  Valley,  which  has  a  length  of  10  miles  and  an  aver- 
age width  of  2  miles,  and  in  which  good  crops  of  hay  and  grain  are 
raised.  Near  the  lower  end  of  the  valley  the  surface  is  undulating, 
and  nowhere  is  there  a  good  dam  site,  even  if  the  great  amount  of 
water  required  to  flood  this  large  area  were  obtainable. 

Below  the  valley  there  is  very  little  open  countiy,  and  for  the  last 
5  miles  the  creek  traverses  a  narrow  canyon.  Two  miles  below  Bear 
Valley,  Sulphur  Creek  empties  into  Bear  Creek.  Sulphur  Creek 
drains  a  district  in  which  three  large  quicksilver  mines  are  operated, 
and  many  sulphur  and  mineral  springs  exist  in  its  own  bed.  By  the 
time  it  reaches  Bear  Creek  it  has  dissolved  so  much  mineral  mat- 
ter that  it  renders  the  water  of  the  larger  creek  brackish  and  salty, 
unfitting  it  for  irrigation  purposes. 

When  measured  at  its  mouth  on  June  27,  1900,  Bear  Creek  had  a 
discharge  of  1.8  second-feet,  while  on  the  same  day  Cache  Creek  liad 
a  discharge  of  15G.0  second-feet.  Bear  Creek  is  said  rarely  to  become 
dry.  Even  in  the  fall  of  1898,  when  there  was  no  outflow  from  the 
lake,  water  was  running  in  this  branch. 

NORTH  FORK. 

The  North  Fork  of  Cache  Creek  rises  in  the  mountains  north  of 
Bartlett  Springs.  The  region  of  its  headwaters  is  famous  for  its 
many  springs,  the  medicinal  properties  of  which  attract  hundreds  of 
visitors  every  summer.  Bartlett  Springs  is  situated  on  Bartlett 
Creek,  which  flows  into  the  North  Fork  3  miles  below  the  springs. 
On  July  2,  1900,  there  was  a  discharge  of  1.4  second-feet  in  Bartlett 
Creek  and  a  discharge  of  3.3  second-feet  in  the  North  Fork  at  their 
junction.  Seven  miles  below  the  junction  the  North  Fork  leaves  the 
mountains  and  enters  Little  Indian  Valley.  As  early  as  July  2, 1900, 
the  stream  in  the  upper  part  of  the  valley  was  dry,  the  water  having 
sunk  into  the  gravel  floor.  Two  miles  from  the  head  of  the  vallej' 
rock  outcrops  in  the  stream  bed,  forcing  the  water  to  the  surface. 
At  that  point  Stanton  Creek  joins  the  North  Fork.     On  July  2^  1900^ 
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Stanton  Creek  had  a  discharge  of  1.5  neeond-feet,  and  on  July  8  the 
discharge  of  the  North  Fork  at  the  foot  of  the  valley  measured  2.8 
second-feet. 

At  the  foot  of  Little  Indian  Valley  the  North  Fork  enters  a  narrow 
canyon,  through  which  it  flows  for  a  distance  of  5  miles.  A  half  mile 
below  the  lower  end  of  the  canyon  Wolf  Creek  joins  it.  On  June  30, 
1900,  the  latter  stream  was  dry,  except  for  a  few  standings  poc4a»  for* 
distance  of  a  mile  above  its  mouth,  at  which  point  it  had  a  disdiaige 
of  0.5  second-foot. 

A  mile  below  Wolf  Creek  and  7i  miles  above  Cache  Craofei  it  flie 
mouth  of  Long  Valley  Creek.  On  June  30,  1900,  this  stream  .Ipad  a 
discharge  of  2.9  second-feet.  On  the  same  day  the  discharge  of  the 
North  Fork  at  that  point  was  6.4  second-feet. 

Below  Long  Valley  Creek  there  are  no  streams  tribataiy  to  the 
North  Fork.  There  are  numerous  canyons  down  which  the  stom 
watera  rush  after  heavy  rains,  but  none  in  which  water  can  be  fofliid 
in  the  summer.  The  North  Fork  itself  generally  has  no  numiiig 
water  in  its  lower  reaches  after  July.  The  water  stands  in  podls^ 
between  which  it  seeps  through  the  gravel.  These  pools  zemmin 
throughout  the  dry  season,  and  afford  the  only  drinking-water  for  the 
cattle  in  the  neighborhood.  For  the  last  few  miles  the  gravel  floor  is 
often  500  feet  wide,  and  from  it  the  greatly  eroded  clay  banks  rise  to 
a  height  of  from  50  to  100  feet.  A  view  of  these  eroded  clay  slopes 
is  shown  in  PI.  VI,  A^  and  a  view  of  the  gravel  bed  of  the  creek  iu 
PI.  VI,  B. 

On  June  20, 1900,  the  discharge  at  the  mouth  of  the  North  Forkwjis 
only  5.1  second-feet,  w^hile  on  the  same  date  the  discharge  of  Cache 
Creek  at  the  junction  was  1(11.4  second-feet. 

RESERVOIR  SITES  ON  NORTH   PORK. 

The  only  basins  in  the  North  Fork  system  which  might  be  men- 
tioned as  reservoir  sites  are  Twin  Vallej's,  Little  Indian  Valley,  and 
Long  Valley. 

The  Twin  Valleys  are  situated  on  a  short  branch  of  the  North  Fort 
a  few  miles  north  of  Bartlett  Springs.  They  are  separated  by  a 
canyon  a  half  mile  in  length.  Each  valley  is  three-fourths  of  a  mile 
long  and  a  half  mile  wide.  As  the  narrow  canyon  could  easily  be 
dammed,  the  upper  valley  is  an  ideal  site  for  a  storage  basin;  bnt  as 
the  entire  catchment  area  above  the  vallej's  is  only  5  square  miles, 
there  would  be  very  little  water  for  storage  purposes,  and  they  can 
not,  therefore,  be  recommended  as  reservoir  sites.  Both  valleys  are 
under  cultivation,  hay  and  garden  produce  for  the  hotels  being  raised, 
the  vegetables  being  irrigated  by  water  from  the  creek. 

Long  Valley  is  situated  on  Long  Valley  Creek,  2  miles  from  ita 
mouth.    It  is  6  miles  long,  and  has  an  average  width  of  1,000  feet 
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and  a  grade  of  25  feet  to  the  mile.  Although  Rice's  map  of  Lake 
County  shows  a  drainage  area  of  about  30  square  miles,  the  rnn-off 
during  the  drier  years,  when  water  is  most  needed,  is  stated,  on 
excellent  authority,  to  be  verj'  small,  as  might  be  expected  from 
experience  elsewhere  in  the  same  region.  Moreover,  the  valley  at  its 
foot,  the  so-called  Narrows,  is  700 
feet  wide.  Even  should  an  ample 
supply  be  assured,  the  cost  of  a 
dam  across  the  Narrows  would  be 
almost  prohibitive.  There  is  some 
bay  and  grain  raised  in  the  valley, 
but  the  income  of  its  residents  is 
lai^ly  derived  from  stock  raising. 

Little  Indian  Valley,  the  only 
basin  on  the  North  Fork  to  be 
recommended  as  a  reservoir  site, 
is  5  miles  long  and  averages  from 
a  half  to  three-fourths  of  a  mile  in 
width.  Almost  half  of  the  entire 
area  is  under  cultivation,  but  the 
soil  contains  so  much  gravel  that 
the  grain  crops  are  very  light.  A 
small  portion  in  the  middle  of  the 
valley  and  near  the  creek  is  irri- 
gated for  vegetables,  a  temporary 
earthen  dam  being  thrown  across 
the  stream  at  a  point  where  the 
rock  outcroiffl.  A  view  of  the  val- 
ley looking  toward  the  dam  site  is 
shown  in  PI.  VII,  A,  and  views  of 
thedamsiteare  shown  in  Pis.  VII, 
B,  and  VIII,  A. 

A  reconnaissance  survey  of  the 
valley  was  made  to  determine  its 
approximate  storage  capacity,  con- 
tours being  located  at  intervals 
of  25  feet,  up  to  the  100-foot  level. 
The  following  table  shows  the  acre- 
age of  each  of  the  four  planes,  and  the  storage  capacity,  in  acre-feet, 
at  the  intermediate  layers,  also  the  total  capacity  for  each  contour. 
The  area  of  the  125-foot  contour  is  estimated  to  be  1,500  acres,  which 
is  considered  a  minimum  figure,  as  the  valley  widens  very  appreciably 
at  its  upper  end. 
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Storage  capacity  of  Little  Indian  Valley  reaervoir  «f  le. 


[xo.fi 


Contonr. 

Area. 

Capacity. 

Total 
capacity. 

0 

Acrc9. 
0 

Acrt-fett, 

Acrt-feei, 

625 

626 

25-foot- J 

50 

4,625' 
"'ii,875 
'  26,'  566 

5,250 

'17,125" 

87,625 

bWoot.- 
'" '75-foot^ 
VoO^footl" 

820 

630 

"  i,'6i6" 

31.375 

69,000 

125-foot.. 

1,500 

Fig.  4.— Map  of  Little  Indian  Valley  dam  site. 


The  only  records  of  rainfall  on  the  Nortli  Fork  are  those  which  have 
been  kept  for  the  last  three  seasons  at  Bartlett  Springs.  The  pre- 
cipitation for  the  season  1807-98  was  21.93  inches,  which  maybe  taken 
as  tlie  minimum.  Rice's  map  of  Lake  County  gives  a  drainage  area 
of  about  100  square  miles  above  Little  Indian  Valley. 

Using  Mr.  Lippincott's  provisional  curve  for  the  run-off  of  central 
and  southern  California  basins,  the  minimum  precipitatian  of  22 
inches  should  give  a  run-off  of  10,000  a<?re-feet,  and  a  precipitation  of 
38  inches — that  estimated  for  this  ba^in  for  a  period  of  twenty-three 
years — should  give  a  run-off  of  58,000  acre-feet.  To  guard  against 
a  shortage  in  extremely  dry  years,  however,  a  reserve  of  29,000  acre- 
feet  should  be  maintained  during  the  years  of  average  and  exoeesive 
precipitation.  On  this  basis  an  annual  supply  of  40,000  acre-feet 
would  be  available.  The  following  table  is  based  on  the  assumption 
that  there  were  29,000  acre-feet  in  the  reservoir  at  the  end  of  the  irri- 
gation season  of  1885.  Of  the  fourteen  years  considered,  there  would 
have  been  twelve  years  of  full  supply  and  two  years  of  deficient  sup- 
ply. As  experience  shows  that  an  occasional  dry  year  may  be  tided 
over,  it  is  believed  that  this  site  may  be  relied  upon  for  40,000  acre-feet 
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Table  ahoufing  fiuctualions  in  voluntc  stored  in  Little  Indian  VdUey  renervnir 


Y<Mr. 

nlnlka. 

^'^ST* 

Inreaerrolr 
■t  end  of 
IrrUtatlou 

Surplns. 

DuBciency. 

IwAft. 
26.40 
34.85 
84.40 
49.30 
41.60 
82.70 
44.00 
35.70 
58.00 
48.50 
49.40 
34.12 
17.35 
47.67 
87.88 

Acn-feet. 
34,800 
30,700 
44,400 

124,400 
78,800 
30,780 
84,000 
48,950 

134,000 
81,750 

113.000 
30,240 
7,525 

103,850 

Acn-ferl. 

13,000 

29,000 
29,000 
18,750 
29,000 
29.000 
20.000 
30,000 
29.000 
9.000 

Acre/ret. 

Am-fret. 

6,300 

59,800 

83,800 

1891 .. 

28,750 
8,950 
94,000 
41,750 
73,000 

1893...- 

1«94 

1896 _ 

1898   

1809 

1900 

""33,356' 

23,475 

The  canyon  which  leads  from  the  valley  (see  PI-  VIII,  B)  is  only 40 
or  50  feet  wide,  and  a  shaly  slate  impregnated  with  quartz  and  some 
calcite  outcrops  on  the  bottom  and  on  the  sideu  to  a  height  of  20  feet. 
At  the  point  selected  for  the  dam  site  the  width  between  the  canyon 
walU  100  feet  above  the  creek  bed  is  only  317  feet,  and  at  1:!5  feet  it  is 
only  435  feet.  On  the  west,  immediately  alwve  the  dam  site,  at  a  height 
of  600  feet,  is  a  rocky  point  from  which  it  is  proposed  to  transfer  the 
rock,  by  cable,  to  the  dam.  The  ,^ 
elevation  of  the  dam  site  is  esti- 
mated to  be  1,600  feet.  Careful 
examination  of  the  bed  rock,  with 
a  diamond  drill,  should  be  made 
before  the  construction  of  the  dam 
is  begun. 

As  the  reservoir  may  be  expected 
to  fill  during  the  wetter  years,  the 
dam  must  be  an  overflow  weir.    As 

designed,  it  will  be  130  feet  high,  constructed  of  Cyclopean  rubble, 
or  of  lai^e  blocks  of  stone  set  iu  concrete  mortar,  and  adapted  to 
withstand  flotation  effect  with  10  feet  of  water  passing  over  it.  The 
cost  is  estimated  at  *433,000,  Allowing  $30,000  for  the  purchase  of 
the  necessary  territory  in  the  valley,  tlie  total  cost  of  the  proposed 
Little  Indian  Valley  reservoir  is  estimated  at  $453,000,  which  is  at  the 
rale  of  ♦6.60  per  acre-foot  of  total  storage  capacity,  or  at  the  rate  of 
(11.33  per  acre-foot  of  water  available,' 

■  The  oalcalntloiM  ot  reaerrolr  caiwdtr  were  based  oii>d&m  12S  feet  hlgk  As  the  beiKhtof 
tbewelr  dam  designed  is  100  feet,  the  aiBilkble  stomtce  capsclt;  Is  Increased  at  lesat  7,MI>Bcre- 
fcet.  Forty-seven  tboasand  bad  Sve  hnndred  Kcre-teet  may  therefore  be  considered  as  the 
»vall>Ue  raplilr,  which  redaoes  Uie  coM  per  acre-loot  to  t8.H. 


of  Little  Indian  Valley 
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CliEAR  LAKB. 

A8  has  been  stated,  Clear  Tiake  is  sitaated  on  the  Coast  Itann,  U 
miles  north  of  San  Francisco.  At  mean  low  water  the  lake  hiianr 
face  level  of  1,325  feet  above  mean  low  water  in  San  FraiudnoBij. 
It  is  20  miles  long,  7  miles  wide  (greatest  width),  and  has  aaantof 
65  miles  at  its  mean  level.  The  greatest  depth  in  the  upper  Inlf  of 
the  lake  is  35  feet,  but  in  the  lower  portion  there  are  small  iMBfiO 
feet  deep.  The  drainage  area  is  417  square  miles,  and  Wm  ItorD 
waters  are  conducted  to  the  lake  through  Scotts,  Middle,  and  Gorer 
creeks,  at  its  extreme  northwestern  end,  and  by  Doba,  KdSBJi  and 
Cole  creeks  on  the  southern  side  of  its  upper  ends.  These  oweka  aw 
similar  to  others  in  Cache  Creek  Basin,  in  that  they  are  temBtiil 
during  the  rainy  season  but  are  dry  during  the  Bommer. 

Middle  and  Clover  creeks  unite  a  mile  below  the  town  of  Upper 
Lake.  On  July  12,  1900,  their  combined  discharge  was  imlj  1.5 
second-feet.  Two  miles  above  Clear  Lake  Scotts  Creek  flows  bito 
Tule  Lake,  a  small,  marshy  depression,  which  it  leaves  tluoii|^  a 
slough.  For  4:  miles  above  Tule  Lake  the  creek  is  simply  a  sloiigh, 
and  G  miles  above  it  had  a  discharge  of  0.5  second-foot  on  July 
12,  1900. 

On  July  16,  1900,  Kelsey  Creek  had  a  discharge  of  4.6  seeond-feet 
at  a  point  6  miles  above  the  lake.  A  mile  below,  however,  it  had  dis- 
appeared in  its  gravel  l>ed.  Doba  and  Cole  creeks  were  both  dry  on 
that  date.  These  three  creeks  flow  through  Big  Valley,  the  lai^t 
and  one  of  the  most  fertile  in  Lake  County.  Scotts  Valley  and  the 
territory  about  Upper  Lake  are  also  remarkably  productive,  alfalfa 
being  raised  without  irrigation.  A  good  flow  of  artesian  water  is 
obtainable  in  the  last-named  districts  at  a  depth  of  75  feet,  and  it  is 
now  l>eiug  used  for  irrigating  vegetables. 

In  1874-75  and  in  1870-77  Clear  Lake  was  one  of  the  bodies  of  water 
examined  by  the  engineers  appointed  to  investigate  the  sonzoeBof 
water  supply  for  the  city  of  San  Francisco.  Recognizing  the  great 
loss  due  to  evaporation  over  so  extended  an  area,  it  was  planned  to 
*' carry  away  the  wat^^r  from  the  lake  in  its  season  of  abundance,  and 
store  it  in  a  reservoir  of  less  area  and  greater  available  depth.  Soeh 
a  reservoir  exists  on  the  adjoining  stream  to  the  south — ^Pntah  Grtek, 
at  Guenoc."  This  plan  necessitated  a  tunnel  2.9  miles  long.  Dozing 
these  investigations  (1874:-1877)  the  water  of  Clear  Lake  was  analysed 
by  four  chemists.  All  were  of  the  opinion  that  the  water  was  entirely 
satisfactory  for  domestic  purposes.  On  the  next  page  is  given  the 
result  of  the  analysis  by  Prof.  Thomas  Price. 
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Analysis  of  water  from  Clear  Lake, 


Qrains  por  uralloa  of 
—      ■      fn  " 


231  cubic  inches 

Carbonate  of  lime 2.55i 

Carbonate  of  magnesia ^ 2.683 

Carbonate  of  soda 728 

Alumina  and  iron 012 

Chloride  of  potassium 261 

Sulphate  of  lime 341 

SUica 464 

Organic  matter 1.970 


Total 9.013 

As  water  may  contain  as  many  as  80  grains  of  soluble  salts  before 
reaching  the  danger  point  for  irrigation  purposes,  it  is  certain  that 
Clear  Lake  water  is  satisfactory. 

AREA  AND  VOLUME. 

In  1889  the  United  States  Geological  Survey  made  a  topographic 
sun^ey  of  Clear  Lake  and  its  outlet.  A  datum  plane  was  taken  1.27 
feet  above  the  low-water  mark  of  1873  and  called  100.  Mr.  Wm.  Ham. 
Hall  compiled  a  number  of  tables  for  his  report  on  this  surve}',  the 
first  four  of  which  are  given  herewith. 

The  following  table  gives  the  area,  in  squai*e  miles,  and  the  num- 
ber of  acres  of  each  of  the  even-foot  planes,  from  90  to  110  feet — that 
is,  10  feet  below  and  above  the  datum  plane.  The  volume,  in  acre- 
feet,  is  also  given  for  each  2-foot  layer. 

Area  and  volume  of  Clear  Lake, 


Elevation 
of  plane. 


Feet. 
90 


92 
'94' 

96 
"98 

ioo" 

102' 

104 

106' 

"m 
iio' 


Area  of 
plaue. 


Square  miles. 
56.852 


Area  of 
plane. 


Acre». 
36,385 


Volume. 


58.071 
59.255 

'eo.eii 

62.156 
63.784' 
'64.'726' 
67.061" 
69.203" 
70.536' 
"72.'636' 


37, 165 
'37,"923 
88,793 
'39,' 780" 
'40,"822" 
4i,425 
'42,"9i9" 
'44*290 
'45,139' 
'46,'^i63 


Acre-feet. 
"73,556 
""75,' 688' 
'"76,'7i6" 
"78,573" 
' '86, 602' 
"82,247" 
'  '84,' 344" 
"87,"  269' 
"89,429' 
'"91  ,'242' 


IRR  45—01 
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The  following  table  gives  the  equivalents  of  flow,  in  second-feet, 
corresponding  to  the  several  volumes  in  the  successive  2-foot  layers 
for  1  day,  for  30  days,  for  91  days,  and  for  182^  days,  respectively: 

Table  of  equixxilentH  of  flow. 


Volume  of 
layers. 

E>iuivalents,  in  second-feet. 

1  day. 

30  days. 

1)1  days. 

182^  days. 

Acre-feet, 

73,550 

37,081 

1,236 

407 

203 

75,088 

37,857 

1,262 

416 

208 

76, 716 

38, 677 

1,289 

425 

212 

78, 573 

39,614 

1,320 

435 

217 

80,602 

40, 637 

l,a54 

447 

223 

82,247 

41,466 

1,382 

456 

227 

84,344 

42, 522 

1,417 

467 

233 

87,209 

43,968 

1,466 

483 

241 

89, 429 

45,087 

1,503 

495 

247 

91,242 

46,017 

1,534 

505 

252 

FLUCTUATIONS  IN  LEVEL. 

In  the  following  table  is  given  tlie  mean  monthly  and  annual  level 
of  the  surface  of  Clear  Lake.  The  records  up  to  1888  were  given  to 
Mr.  Hall  by  Captain  Floyd,  of  Kono  Tayee.  The  later  records  were 
obtained  this  summer  (1900)  from  Mr.  F.  H.  Porter,  of  Kono  Tayee, 
and  from  Captain  Rumsey  and  Captain  Atherton,  of  Lakeport. 

Table  Hhotving  mean  inonthhj  and  annual  level  of  Clear  Lake,  tS74-190fK 


Month. 


1874. 


January  . 
February 


1112.87 
105.13 


March I    105.B5 


April 

May 

June 

July 

August 

September. 

October 

November. 


105.85 
104.99 
104.06 
103.13 
102.31 
101.65 
101.23 
101.65 
December 102.04 


Mean. 


187.-). 


102.96 

104.07 

103.67 

103.10 

102. 4() 

101.78 

101.21 

100.55 

W.  Wy 

99.58 

99.82 

100.75 


1876. 


102.73 
1(».64 
1(16.39 
107.64 
106.23 
105.19 
104.52 
104.04 
103.74 
103.16 
102.61 
102.02 


103.406       101.656       104.663 


1877. 


102.04 

ia>.91 

103.20 

102.86 

102.28 

101.68 

101.19 

100.71 

100. 13 

99.62 

99.52 

99.56 


101.308 


lv*<78. 


102.42 
107.60 
109.37 


106.463 


1879. 


101.81 
104.07 
106.73 
104.  «6 


108.13 
10e.4O 
101.90 
101.  SO 
101.24 

ioe.47 


lasa 


108.(8 
103. 4S 
101.  (B 
106.11 
107.11 
10&.A 
104.36 
10S.I0 
lOStSi 
102.04 
101.64 
lO&tf 


102. 923  i      109.A9 
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Table  ahowing  mean  monthly  and  annual  level  of  Clear  Lake,  ISVi-lOOO^-ConVd, 


Month. 


January  ... 
February . . 

March 

April 

May 

June 

July 

AufiTUSt 

September. 

October 

November . 
December  . 

Mean. 


1881. 


104.88 
107.15 
.106.88 
106.75 
104.84 
104.16 
108.06 


101.26 

100.93 
100.76 
100.95 


108.605 


1882. 


1888. 


1884. 


101.24 
101.92 
108.11 
108.71 


100.27 
100.06 
101.21 
100.27 


101.476 


100.37  ! 

100.77  i 
101.23 
101.58 
101.31 


100.18 
99.73 
99.29 
99.15 


99.13 
99.68 
100.83 
101.88 
108.01 
102.74 
102.20 
101.47 
100.98 
100.66 
100.36 
101. 19 


100.401 


101. 178 


1885. 


102.48 
106.78 
102.54 
102.23 
101.79 
101.26 
100.81 
100.29 
99.65 
99.23 
100.56 
102.87 


101.366 


1886. 


105.16 
106.14 
105.35 
108.30 
105.19 
108.86 
102.73 


100.83 


104.32 


1887. 


101.75 
102.86 


102.50 


100.  n 
100.20 


99.48 


101.265 


Month. 


January  ... 
February . . 

March 

April 

May 

June 

July 

Aufmst 

September. 
October — 
November . 
December  . 

Mean. 


1888. 

1889. 

1890. 

99.83 
101.73 
102.45 
102.27 
101.96 
101.38 

111.31 

108.53 

100.06 
99.84 
99.57 
99.34 
99.83 

101.86 
101.48 
101.07 
100.97 

100.53 

100.751 

102.08 

103.34 

1891. 


1892. 


101.06 
102.81 
104.02 
104.09 
10J.52 
102.37 
101.56 
100.81 

100.28 
100.01 
100.56 


101.35 
101.78 
101.73 
102.15 
102.33 


100.16 

99.73 

100.23 

104.47 


101.91 


101.54 


1893. 


104.56 
106.52 
107.36 


104.73 
108.46 
104.48 


100.93 
100.54 
101.40 


103.77 


1894. 


104.40 
106.33 
106.31 


100.15 


104.06 


Month. 

I8t»5. 

1896. 

1897. 

18W. 

1899. 

1900. 

Monthly 
mean. 

January  

February  

March 

109.90 
109.00 
106.90    . 
106.73 

100.56 
105.40 

102.62 
104.73 
105.63 
105.52 
104.35 
108.15 
102.32 
101.42 
100.73 
100.20 
99.90 
100. CO 

100.20 

100.54 

101.00 

100.73 

100.40 

99.93 

99.46 

98.73 

98.20 

97.84 

97.75 

97.80 

98.66 
99.82 
99.45 
100.40 
99.84 
99.69 
99.42 
98.88 
98.25 
97.92 
98.21 
99.57 

102.00 
102.09 
102.94 
102.92 
102.29 
101.57 
100.82 
99.98 
99.40 

102.74 
103.  ?2 
104.12 

April 

May 

104.08 

103.81 
103.32 

June 

104.50 
108.46 
102.34 
101.36 
100.88 
100.59 
101.32 

102.66 

July 

*••*• 1 

102.24 

Auirust 

101.06 

September 

1 

101.24 

October 

100.32 

November 

100.23  ' 

1 

100.30 

December 

100.92 

Mean 

106.36 

102.54 

102.58 

99.39 

99.13 

101.55 

a  102. 61 

a  Twenty-six  years. 

The  table  on  the  next  page  gives  the  extreme  high-water  levels  and 
the  extreme  low- water  levels  of  the  lake  for  each  year  from  1873  to  1900 
(compiled  from  the  same  records  as  the  foregoing  table),  while  fig.  6 
shows  graphically^  the  same  data.  The  number  of  feet  fall  in  the  lake 
during  the  j^ear  and  the  evaporation  for  the  falling  i^^icvcyi  ^^^  ^'ssSi 
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given.  The  evaporation  rate  given  is  that  used  by  Mr.  Hall,  who 
based  it  upon  *' observations  made  by  the  State  Engineering  Depart- 
ment on  water  surfaces  exposed  to  similar  conditions."  The  rate  for 
the  several  months  is  as  follows ;  January,  1. 10  inches ;  February,  1.60 
inches;  March,  2.80  inches;  April,  3.10  inches;  May,  3.90  inches;  Jane, 
6.40  inches;  July,  7.35  inches;  August,  9.65  inches;  September,  8.10 
inches;  October,  5.20  inches;  November,  2.90  inches;  December,  1.40 
inches;  total,  53.50  inches.^ 

Table  allowing  extreme  high-icater  level  mid  extreme  low-tcater  level  of  Clear  Lakt, 

1873-1900, 


High- water  level.         ' 

Low-water  level. 

i 

Year. 

) 

Fan  in 
Uke. 

Ev^Kim- 
tion. 

Month. 

1 

Elevation. 

Month. 

Elevation. 

Ftvt. 

Feet. 

Feet. 

1 
Jnche$.  , 

1873. 

November. 
October  . . . 
November. 

98.78 

101.06 

99.40 

i 

1 

1874 

March 

February.. 

March 

March 

103. 27 
104. 25 

5.21 

4.85 

3.58 

1875 

4.09 

1876 

110.02 
103.29 

January  .. 
October  . . . 

101.86 
99.42 

8.64 
8.87 

4.17 
3.58 

1877 

1878 

March 

110.04 

January  .. 

99.60 

10.44 

4.17 

1879 

March 

105.96 

November. 

101.21 

4.75 

8.91 

1880... 

April 

107. 73 

November. 

101.48 

6.25 

8.67 

1881 

February . . 

March . 

May 

107. 90 
103.81 
101.77 

November. 
November. 
November. 

100.78 

100.04 

99.12 

7.17 
3.  77 
2.65 

4.09 
3.91 
3.38 

1882 

1883. 

1884 

April 

103. 23 

December  . 

99.06 

4.17 

8.84 

1885 

January... 

103. 67 

October  . . . 

99.06 

4.61 

8.87 

1886../ 

January... 

106. 59 

December . 

100.78 

5.81 

4.38 

1887 .. 

March 

103. 07 

December . 

99.47 

8.60 

4.08 

1888 

March 

April 

102.51 
103. 53 

November. 
October  . . . 

99.21 
100.53 

3.30 
3.00 

8.91 
3.57  • 

1889 

1S90 

January... 

April  

May 

111.31 
104.12 
102.  73 

November. 
November . 
November . 

100.90 

100.00 

99.40 

10.41 
4.12 
3.33 

4.20 
3.67 
3.88 

1891 

1892 

1898 

March 

107.35 

November. 

100.48 

6.87 

3.91 

1894 

March 

January... 

106.31 
109.90 

November. 
November. 

100.15 
100.23 

6.16 
9.67 

3.91 
4.20 

1895 

1896 

February . . 

105. 40 

November. 

100.56 

4.84 

4.09 

1897 

April 

March 

105.81 
101.06 

November. 
November. 

99.90 
97.73 

5.91 
3.83 

3.67 
8.91 

;    1898 

1899 

April 

March 

100. 73 
103. 31 

October  . . . 

97.90 

2.83 

3.57 

1900 

Mean 

105. 25 

99.91 

%     •  •  • 

*  The  mean  of  four  years'  observations  at  Kinffsburg,  Fresno  County,  from  li$81  to  188&,  inds* 
Jt/re,  as  determined  by  the  State  engineering  d©v>aTtm<snl^N««A  ^&.*JLVuc\i«», 


<:handleel] 


CLEAR   LAKE. 


37 


.  Although  the  annual  rate  of  evaporation  (53. 5  inches)  is  less  than  has 
been  observed  at  some  points  in  California,  it  will  be  seen  from  an 
inspection  of  the  foregoing  table  to  be  entirely  too  large,  for  in  a  num- 
ber of  instances  the  evaporation  exceeds  the  actual  fall  in  the  lake. 
This  could  be  accounted  for  by  fluctuations  in  level  after  the  lake  began 
to  fall,  but  no  such  fluctuations  existed.  Remembering  that  the  sum- 
mer flow  of  the  tributary  streams  is  practically  nothing,  it  seems  evi- 
dent either  that  the  rate  used  is  much  too  high  or  that  the  lake  receives 
large  quantities  of  water  from  subterranean  sources.  As  there  are  many 
springs  in  Soda  Bay,  at  the  upper  end  of  the  lake,  and  at  Sulphur 
Banks,  near  the  southern  end,  the  latter  condition  is  not  improbable.^ 
The  table  on  pages  34  and  35  shows  the  mean  level  of  the  lake  for 
twenty-six  years  to  be  102.51  feet,  corresponding  to  a  reading  of  3.78 
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Fio.  6.— Diagram  showing  high-water  and  low* water  levels  in  Clear  Lake,  1874  to  1900. 

•  

feet  on  the  gage  rod  at  Kono  Taj'ee.  The  mean  obtained  from  the 
table  giving  the  extreme  high-water  and  extreme  low-water  levels  of 
the  lake  is  practically  the  same,  being  102.58  feet. 

EFFECTS  OF  STORAGE. 

It  is  the  popular  belief  that  Clear  Lake  can  be  used  as  a  i*eservoir 
by  simply  arranging  for  the  storage  of  6  feet  depth  of  water.  This  of 
course  would  be  so  if  there  were  sufficient  rain  each  year  to  keep  the 
reservoir  filled  to  that  depth,  but  such  is  not  the  case.  The  watershed 
of  the  lake  is  so  small  and  the  surface  exposed  to  evaporation  is  so 
great  that  a  hold-over  reservoir  must  be  provided. 

A  careful  study  has  been  made  to  determine  at  what  levels  the  lake 
should  have  been  confined  in  order  to  allow  the  use  of  80,000  acre-feet 
of  water  every  year  since  1873.  To  determine  this  question  it  was  first 
necessary  to  estimate  the  amount  of  water  entering  the  lake  each  year. 

1  The  Geological  Surrey  has  established  an  eyapoTaUoiv  gage  Vn.  t\kft\i3!i»^V^'Cti^«.V'^ '^•^'• 
Bnnuwy  as  obserrer,  to  determiixe  accurately  the  amount  ot  On©  ©"vavoT^i^aii. 
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For  this  purpose  a  provisional  curve  of  run-off  compiled  by  J,  B.  Lip- 
pincott  from  the  data  for  a  great  number  of  California  basins  was 
used,  but  it  was  discovered  that  the  results  in  many  cases  were  less 
than  the  amounts  shown  to  have  entered  the  lake  by  the  rise  from 
extreme  low  water  to  extreme  high  water. 

An  inspection  of  the  following  table  will  show  that  the  total  amonnt 
calculated  from  Mr.  Lippincott^s  provisional  curve  is  too  small  in  all 
cases  where  the  rainfall  is  less  than  19  inches  and  also  in  a  number  of 
other  cases.  Clearly,  the  so-called  "intake"  (the  difference  between 
extreme  low  water  and  extreme  high  water)  is  less  than  the  volume 
which  entered  the  lake,  because  it  does  not  show  either  the  discharge 
or  the  loss  by  evaporation  during  the  time  the  level  was*  rising. 

Table  showing  fluctuations  in  volume  of  Clear  Lake. 


Season. 


1873-74-. 

1874-75.   . 

1875-76.. 

1876-77... 

1877-78. - 

1878-79.. 

1879-80. . 

1880-81.. 

1881-82.. 

1883-83... 

1883-84... 

1884-85. . . 

1885-86... 

188e-«7... 

1887-88... 

183a-89... 

1889-90.. 

1890-91 . . . 

1891-02. 

1892-03. . . 

1893-94... 

1894-95.. 

1895-96... 

189^07. . . 

1897-98... 

1898-99. . 

1899-1900. 

Total 


Rainfall. 


Inches. 
14.8 
24.96 
37.0 
14.0 
54.0 
21.3 
29.0 
21.8 
16.7 
19.0 
24.3 
10.0 
35.5 
19.  25 
17.88 
27.28 
51.43 
21.06 
24.32 
36.80 
32.82 
42.89 
33.48 
28. 92 
14.57 
20.86 
27.73 


Ran-off 

from  413 

square 

Qiiles. 


Acre-feet. 

16, 930 

90,860 

223,020 

14,460 

586,660 

60,298 

115,640 

38, 820 

28,910 

42,126 

93,340 

22, 720 

198, 240 

43,780 

35,100 

109,860 

536,900 

57,820 

85,080 

218, 890 

165,200 

326, 270 

169,330 

123,900 

16,930 

56. 990 

113,160 


RaiufaU 
on  lake. 


Acre-fe^t. 
49,080 


86 

128 

49 

186 

74 

102 

77 

58 

65 

81 

51 

124 

86 

61 

94 

182 

117 

83 

127 

112 

158 

116 

102 

48 

67 

94 


320 
650 
600 
750 
700 
960 
220 
100 
280 
600 
000 
500 
400 
350 
070 
300 
100 
000 
400 
050 
730 
200 
960 
960 
660 
070 


\ 


Total  in- 
creaf«e  in 
volnme. 


Acre-feet. 

66,010 
177, 180 
851,670 

64,060 
778, 410 
184,  Q98 
218, 700 
116,040 

87, 010 
107, 406 
174,940 

73,720 
322,740 
130,180 

96,450 
203,930 
719,200 
174,930 
168,080 
346,390 
277,250 
485,000 
385,530 
326,860 

65,890 
134,650 
207,280 


Intake. 


\ 


6, 170, 344 


Acre-feet. 
379,300 
186,370 
458,650 

79,500 
458,650 
369.920 
362,720 
375, 170 
127,570 

78,020 
164,900 
190,310 
316,900 

95,786 
133,480 
136,620 
474.360 
133,940 
111,700 
340,580 
348,170 
431.680 
319,410 
330,400 

89,570 
121,170 

321,600 


6,151,296 


OBANDLKR.] 


GLEAB   LAKE. 


39 


Neglecting  the  winter  discharge  and  the  winter  evaporation,  and 
considering  the  totals  given  at  the  bottom  of  the  last  two  columns  in 
the  foregoing  table,  the  run-off  shown  by  Mr.  Lippincott's  provisional 
cnrve  agrees  with  that  indicated  by  the  rise  of  the  lake  within  one- 
half  of  1  per  cent.  Thus  the  curve  is  shown  to  give  an  excellent  con- 
servative estimate  for  average  conditions,  and  for  that  reason  it  was 
used  in  determining  the  run-off  of  Little  Indian  Valley. 

The  following  table  shows  the  method  adopted  to  determine  the 
limits  for  the  hold-over  reservoir: 

Table  showing  fltictuatioHs  in  Clear  Lake, 


Season. 

Intake. 

Result- 
ing level. 

Winter 

dis- 
charge. 

Summer 
evapora- 
tion. 

Working 
level. 

Depth 
used. 

Fall  level. 

1873  (low  water) 

1873-74 

1874-75 

1875-76 

Acre-feet. 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

98.7 

100.5 

98.5 

99.8 

96.4 

99.8 

100.2 

100.4 

99.9 

97.2 

94.5 

93.2 

92.9 

96.0 

92.7 

90.4 

90.0 

99.8 

97.7 

95.2 

100.2 

100.2 

99.8 

99.7 

100.4 

96.3 

94.5 

279, 800 
136, 370 
458,650 

79,500 
458,650 
269,920 
280, 440 
275, 170 
129, 370 

74, 021 
169, 120 
190, 210 
316,900 

95, 740 
123, 480 
177, 740 
474, 360 
133, 940 
111,700 
340,580 
246, 170 
421,680 
219,410 
220,400 

49,260 
121,170 
221,601 

105.4 

103.8 

106.0 

101.7 

106.0 

106.0 

106.0 

106.0 

103.0 

99.1 

98.8 

98.1 

101.0 

98.4 

95.9 

95.2 

106.0 

103.0 

100.5 

103.6 

106.0 

a  109. 9 

'  105.0 

104.9 

101.6 

99.3 

100.1 

1.63 
0.76 
4.47 
0.29 
6.27 
0.84 
2.58 
3.08 

0.33 
0.74 
1.43 

6.21 
0.45 

2.96 
2.25 
5.47 
0.75 
2.24 

3.58 
4.09 
4.17 
3.58 
4.17 
3.91 
3.67 
4.09 
3.77 
2.65 
3.84 
3.87 
4.38 
3.60 
3.30 
3.00 
4.20 
3.67 
3.38 
3.91 
3.91 
4.20 
4.09 
3.67 
3.33 
2.83 

102.4 

100.6 

101.8 

98.4 

101.8 

102.1 

102.3 

101.9 

99.2 

96.5 

95.3 

95.0 

98.0 

94.8 

92.6 

92.2 

101.8 

99.7 

97.2 

102.1 

102.1 

101.8 

101.7 

102.3 

98.3 

96.5 

1.9 
2.0 
2.0 
2.0 
2.0 
1.9 
1.9 
2.0 
2.0 
2.0 
2.1 
2.1 
2.0 
2.1 
2.2 
2.2 
2.0 
2.0 
2.0 
1.9 
1.9 
2,0 
2.0 
1.9 
2.0 
2.0 

1876-77 

1877-78 

1878-79 

1879-80 

1880-81 

1881-82 

1883-83 

1883-84 

1884-85 

1885-86 

1886-87 

1887-88 

1888-89 

1889-90 

1890-91 

1891-92 

1892-93 

1893-94 

1894-95 

1895-96 

189^97 

1897-98 

1898-99 

1899-1900 

a  Maximum  leveL 
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Referring  to  the  foregoing  table,  the  "intake"  is  thf  inc-t-ease  is 
volnme  represented  by  the  difference   between  the   lin\--wiHer 
the  high-water  levels.     By  the  "resulting  level"  is  meanl   the  helnht 
the  lake's  surface  would  attain  after  the  addition  of  the  intake  totlM 
previous  low-water  level.     Thus,  279,^00  aere-feet  flowing  inio  tbt    ^ 
lake  when  the  level  was  fS.?  feet  (the  low-water  mark  of  IS7;5)  wodM 
cause  a  rise  to  105.4  feet.     The  "summer evaporation"  its  takt-n  ffna 
the  tahle  on   page  36.     The  "winter  discharge"  is  based    on 
assumption  that  as  much  water  is  discharged  while  the  lako  is  rt 
as  is  discharged  while  it  is  falling  through  the  same  distance. 
the  outflow  in  the  later  fall  months  is  very  small,  the  pL-i-iorls  of  dis- 
charge may  be  t-aken  as  approximately  eqnal  and  the  element  of  tims 
be  eliminated.     If  thei'e  be  any  fluctuations  in  level  wliili-  tlie  lake  It 
rising,  which  is  far  more  probable  than  while  it  is  faUiii^,  thc-n 
"winter  discharge"  must  exceed  the  "summer  discharge;  "  .so  wbal^ 
ever  error  there  maybe  in  the  above  assumption  is  on  thoside  of  i 
servatism.     The  "winter  discharge"  given  in  this  table  is,  therefore, 
the  "summer  discharge"  found  by  subtracting  the  evaporation  glveit 
ill  the  table  on  page  30  from  the  fall  of  the  lake's  snrfa^^-e  given  in  tfa« 
same  table.     In  the  cases  where  the  evaporation  is  greator  thantlw 
fall,  nothing  is  allowed  for  the  "winter  discharge."    The  "  worlrf^g     \ 
level"  is  found  by  subtracting  the  difference  between  the  "^vintorto* 
charge"  and  the  "summer  evaporation  "from  the  "resulting  levelj"  it 
represents  the  level  at  which  the  lake  would  stand  in  the  fall  wer6 
water  taken  out  for  irrigation.     As  the  top  of  the  outlet  weir  is  fixed 
at  106  feet,  whenever  the  lake  rises  above  that  level  the  water  ifl 
wasted.     Accordingly,  whenever  the  "resulting  level," or  the  "i-cailt- 
ing  level  plus  the  "winter  discharge,"  is  above  106  feet,  the  "suntner 
evaporation"  is  subtracted  from  106  feet,  as  it  is  at  that  point  tlut 
the  evaporation  begins.     The  ' '  depth  used  "  shows  the  depth  of  v&ant- 
voir  necessarj-  to  store  80,000  acre-feet  of  water  at  the  ^■nri<)U8  levels. 
Subtracting  the  "depth  used"  from  the  "working  level,"  the  mini- 
mum "fall  level"  is  obtained. 

In  the  season  of  lS6fi-.S9,  under  our  hypothetical  cimditions  the 
lake  would  have  fallen  to  ttO  feet,  and  in  the  previous  year  lo  90.4 
feet.  The  next  lowest  levels  would  have  been  92.7  feet  and  Et2.9  feet, 
in  the  seasons  of  1886-87  and  1884-85,  respectively.  Following  oor 
basis  of  calculation,  to  allow  80,OOl  acre-feet  for  each  and  every  irri- 
gating season  the  ontlet  of  the  lake  should  be  fixed  At  !>n  feet.  As  ^ 
no  "  winter  disehai^"  has  been  allowed  for  a  number  of  seasoiis,  aiiA.  ,^ 
furthermore,  as  it  seems  that  the  rale  of  evaporation  used  in  too"^^ 
large,  it  appears  almost  certain  that  100,000  acre-feet  mifihl  hav«^^ 
been  used  cotitinuously  for  the  last  twenty-seven  years.  Thi»  t^^^ 
tantamount  to  claiming  that  with  the  weir  height  and  outlet  flxed  fc"*-* 
106  feet  and  !)0  feet,  respectively,  100,000  acre-feet  may  safely  b^^^ 
drawn  from  Clear  T^ake  I'eser^'oir  every  season. 
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In  order  to  attack  this  problem  more  intelligently  it  is  arged  that 
pro\'isioii  at  once  be  made  to  take  measurements  of  the  discliarge  and 
evaporation  of  the  lake  and  the  amount  of  rainfall  on  the  higher  alti- 
tudes in  its  drainage  area.  The  only  series  of  stream  measurements 
that  we  have  for  the  outlet  of  the  lake  were  taken  by  one  of  the  elec- 
tric companies  interested  in  the  power  proposition.  These  records 
seem  so  contradictory  that  no  use  has  been  made  of  them  in  this 
report.  No  records  of  evaiwration  of  the  lake  have  ever  been  kept, 
and  all  of  the  rain  gages  at  present  in  use  are  at  or  near  the  lake 
level.  A  gaging  station  established  below  the  outlet  of  the  lake  and 
one  or  two  evaporation  pans  conscientiously  attendetl  would  soon 
bring  estimates  of  this  nature  from  doubt  to  certainty. 

COST  OF  PROPOSED  STORAGE  ^VORKS. 

On  the  map  of  the  outlet  made  in  1889,  a  revision  of  which  is  shown 
in  PI.  IX,  the  alignment  for  an  outlet  channel  was  projected,  also 
that  for  an  embankment  at  the  lower  end  of  the  lake.  Both  of  these 
alignments  have  been  used  in  making  the  estimates  for  this  report. 
Below  is  given  an  estimate  on  an  ontlet  channel  to  carry  12,000  second- 
feet. 
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md-feet  capacity  at  Char 


S.,.,0., 

length. 

"'^l^" 

Slda«lop«. 

B<,«™ 

'T&r'" 

E.e«v»tlon. 

1 

11.200 

3.300 
5.100 

0.53 
4.00 
6.60 

3toI 

atoi 

3tol 

Ff:t. 

230 
140 
100 

Fttt. 
16 
13 
18 

Catf  f  yard: 
1.302,896 

331,838 
479, 141 

8 

Total... 

19,000 

2,013,865 
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Coat  of  outlet  channel. 

Dredging  (10  per  cent  of  excayation),  201,836  cubic  yards  at 
$0.35 $70,4(» 

Cartage  (10  per  cent  of  excavation),  201,337  cable  yards  at 
$0.17 34,227 

Excavation  by  wheel  scrapers  (80  per  cent),  1,610,692  cubic 
yards  at  $0.10 * 161,069 


Total 265,764 

Referring  again  to  the  table  on  page  39,  it  will  be  seen  that  the 
greatest  height  which  the  water  would  attain  was  in  1894-95,  when,  if 
the  whole  amount  had  come  from  a  single  storm,  the  maximum  level 
would  have  been  115.37  feet  (109.9+5.47).  As  such  a  condition  is  not 
to  be  expected,  the  top  of  the  embankment  may  safely  be  placed  at 


Fig.  8.— Profile  of  Clear  Lalce  outlet  embankment. 

116  feet  (10  feet  above  the  level  of  the  lake  when  full),  which  will 
allow  a  good  margin  for  wave  action.  A  profile  of  the  embankment 
is  shown  in  fig.  8.     Following  is  the  estimate  on  the  embankment: 

Embankment  for  Clear  Lake  reservoir. 


1 

Lenfrth.      Top  width. 

1 

Inner             Outer 
slope.              slope. 

Elevation        iriiK^^ 
of  top.           FUlingr. 

1 

Feet. 
4,300 

Feet. 
12 

3  U)  1 

2  to  1 

Ft^et.            Cu.  ifcU. 
116      a 66, 878 

a  Includes  10  per  cent  for  shrinkage. 

The  cost  of  the  embankment  would  be  ^1(jJ'20 — 06,878  cubic  yards 
of  filling  at  25  cents. 

The  outlet  weir  may  safely  be  estimated  at  850,000.  It  is  based  on 
a  design  for  18  concrete  piers,  with  openings  4  feet  wide  and  16  feet 
deep,  closed  by  specially  designed  iron-bound  fiashboards  working 
in  iron  grooves  in  masonry.  The  entire  structure  is  to  rest  on  a  gril- 
lage of  timber  40  feet  by  180  feet  by  2  feet  thick,  the  whole  supported 
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by  1,224  piles,  driven  at  least  IG  feet  into  the  ground.  A  view  of  the 
regulating  weir  is  shown  in  PI.  X. 

The  estimate  also  provides  for  heavy  retaining  walls  of  concrete 
resting  on  timber  platforms  on  pile  foundations. 

The  entire  cost  of  the  proposed  works  is  as  follows : 

Cost  of  proposed  storage  works  at  Clear  Lake, 

Outlet  channel $265,764 

Embankment 16,720 

Riprapping 50,000 

Outlet  weir 50,000 

Damages  to  property 70,000 

Totalcost... 452,484 

Considering  80,000  acre-feet  as  the  maximum  storage  capacity, 
the  cost  becomes  85.66  per  acre-foot;  but  if  we  count  upon  100,000 
acre-feet  (not  an  improbable  figure)  as  the  maximum  storage  capac- 
ity, the  cost  is  only  $4.52  i>er  acre- foot. 

These  matters  are  more  fully  discussed  in  the  appended  report  on 
the  Clear  Lake  outlet,  by  Mr.  J.  II.  Quinton. 

LANDS   FOR   RESERVOIR. 

In  the  Eleventh  Annual  Report  of  the  Unite<l  States  Geological 
Survey,  Part  II  (Irrigation),  pages  159  to  164,  there  is  given  a  list  of 
the  segregations  suggested  in  1880  for  the  Clear  Lake  reservoir. 
PI.  LXXXV,  page  151  of  that  report,  is  a  map  of  this  territory,  the 
aggregate  of  which  is  50,920  acres.  Virtually  all  of  the  land  recom- 
mended for  segregation  was  taken  up  prior  to  1889.  The  land  on  the 
immediate  shore  of  the  lake  was  necessarily  sold  in  lots,  the  outer 
boundary  being  the  meander  shore  line  of  the  land  survey.  With 
the  exception  of  small  tracts  taken  up  in  1890  and  1894,  none  of  the 
land  listed  has  been  taken  up  since  1888.  The  purchase  of  1890  is  as 
follows : 

SW.  i  of  NW.  i  of  sec.  20,  T.  14  N.,  R.  8  W.,  M.  D.  M. 

The  land  purchased  in  1894  was  taken  up  as  California  swamp  and 
overflow  land,  and  is  as  follows: 

Lots  1,  2,  3,  4,  and  5  (113  acres)  of  sec.  28,  T.  14  N.,  R.  9  W.,  M.  D.  M. 
NW.  i  of  NW.  i  of  sec.  33,  T.  14  N.,  R.  9  W.,  M.  D.  M. 

The  following  is  a  list  of  the  remaining  territory: 

SE.  i  of  NE.  i  of  sec.  32,  T.  13  N.,  R.  8  W.,  M.  D.  M. 
S.  i  of  N  W.  i  of  sec.  36,  T.  14  N.,  R.  8  W.,  M.  D.  M. 
S.  i  of  NE.  i  of  sec.  36,  T.  14  N.,  R.  8  W.,  M.  D.  M. 
NW.  i  of  sec.  36,  T.  14  N.,  R.  9  W.,  M.  D.  M. 
NE.  i  of  NE.  i  of  sec.  86,  T.  14  N.,  R.  10  W.,  M.  D.  M. 
W.  \  of  SE.  i  of  sec.  86,  T.  15  N.,  R.  9  W.,  M.  D.  M. 
SE.  i  of  SW.  i  of  sec.  86,  T.  15  N.,  R.  9  W.,  M.  D.  M. 
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Thus,  out  of  the  50,020  acres  i^ecommended  for  segregation,  193 
acres  have  been  taken  up  since  18S9,  the  date  of  the  recommenda- 
tion, and  520  acres  still  remain  as  public  land.  In  considering  this 
remainder,  520  acres,  no  account  has  been  taken  of  the  land  which 
lies  within  the  meander  shore  line. 

CLEAR  LAKE  OUTLET.' 

In  designing  a  regulating  weir  for  the  outlet  of  Clear  Lake,  Lah- 
County,  California,  the  following  conditions  had  to  be  observed: 

(1)  To  regulate  levels  of  water  lietween  elevations  of  90  and  100 
feet  above  datum. 

(2)  To  provide  for  measuring  accurately  the  quantity  of  water  to 
be  delivered  at  any  and  all  times  during  the  irrigating  season. 

(3)  To  provide  sufficient  waterway  over  the  weir,  with  all  openings 
closed,  to  carrj'  the  greatest  possible  flood  at  full  reservoir  without 
raising  the  water  to  such  a  height  as  to  inundate  valuable  lands 
adjacent  to  the  lake. 

(4)  To  arrange  the  outlets  so  as  to  give  the  maximum  delivery  for 
minimum  cost  of  construction  and  maintenance. 

(5)  To  make  gates  so  simple  as  to  preclude  their  getting  out  of 
order. 

As  designed  (see  PI.  X),  the  weir  consists  of  18  piers  of  concrete, 
each  6  feet  wide,  16  feet  high,  and  20  feet  thick  at  base^  with  19  open- 
ings, each  4  feet  wide  and  16  feet  deep,  closed  by  flashboards  working 
in  steel-lined  grooves  in  the  sides  of  the  piers,  the  whole  supported 
by  a  double  grillage  of  12-inch  b}'  12-inch  timbers  resting  on  more 
than  1,200  piles.  The  ends  of  the  weir  are  formed  of  heavy  curved 
retaining  walls  of  concrete,  as  shown  in  PI.  X.  The  cur\"ed  portions 
of  the  retaining  walls  to  l>e  strengthened  for  tensile  strains  from  the 
pressure  of  earth  against  the  straight  walls  when  the  water  is  low,  hy 
eml>edding  old  steel  cables  or  rods  in  the  concrete  around  the  curves 
and  extending  them  into  the  straight  walls  at  each  end.  The  flash- 
boards  are  12  inches  wide  and  4  inches  thick,  and  are  bound  with  steel 
on  the  ends  and  sides,  so  as  to  fit  accurately  when  dropped  into  place. 

Through  each  flashboard  two  steel  rods  will  be  secured,  so  as  to 
project  about  H  inches  on  each  side  of  the  board,  to  facilitate  raising 
it  when  submerged.  Suitable  hooks  attached  to  lighf  chains  can  be 
dropped  under  these  projecting  rods,  and  in  case  of  much  pressure 
a  small  portable  tripod  with  differential  pulley  attached  may  be  set 
up  on  the  footbridge,  to  start  the  flashboard  from  its  seat.  The  foot- 
bridge (designed  to  afford  access  to  the  flashboards  when  the  water  is 
high)  is  supported  on  trestlework  running  across  the  top  of  the  weir. 
The  bents  of  this  trestle  are  10  feet  apart,  and  are  anchoi'ed  in  the 
tops  of  piers.     When  the  water  is  low,  the  foot  planks  can  be  supported 
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on  steel  rods  projecting  from  the  upper  sides  of  the  piers.  When  the 
level  of  the  water  is  at  the  top  of  the  weir,  the  following  amounts  would 
flow  through  the  openings : 

Discharge  through  weir  openings. 


Number  of 

flashboards 

removed. 

Discharge 

throuffh  1 

openmg. 

Discharge 

through  19 

openings. 

1. 

o 

M«_.._            .... 

3 

Cu.  ft.  per 
second. 

13.3 

37.3 

69.2 

Cu.  ft.  per 
second. 

252.7 

708.7 

1.314.8 

4 

106.  C         2, 025. 4 
149.2         2.834.8 

5 

Assuming  the  duty  of  the  i*eservoir  to  be  80,000  acre-feet  annually, 
and  that  this  amount  will  have  to  be  delivered  through  the  openings 
in  120  days  (the  length  of  the  irrigating  season),  the  amount  of  water 
which  would  have  to  be  turned  out  daily  during  that  time  would  be — 


80,000  acre-feet 


=  333  second-feet. 


2  X  120 

So  that,  except  in  case  of  a  storm,  it  would  seldom  be  necessary  to 
remove  more  than  two  flashboards  the  entire  length  of  the  weir. 

When  the  water  is  level  with  the  top  of  the  weir,  the  water  pressure 
on  the  boards  would  be  as  follows : 

First  board,  4x81.25=125  pounds. 
Second  board,  4x1.5x62.5=375  ponnds. 
Third  board,  4x2.5x62.5=625  pounds. 

As  th^  coefficient  of  friction  for  steel  on  steel  is  only  0.14,  the  pull 
i*equired  to  move  the  third  board  would  be  only  0.14x625  pounds= 
87.5  pounds,  and  this  could  easily  be  exerted  without  the  aid  of  a 
pulley. 

When  the  water  is  at  the  level  of  the  top  of  the  weir,  the  greatest 
pressure  on  the  lowest  flashboard  is  4,000  pounds.  Taken  as  a  beam 
supporting  this  uniform  load,  the  skin  stress  on  the  lumber  would  be 
only  750  pounds  per  square  inch,  a  factor  of  safety  of  at  least  7  for 
Oregon  pine.  Under  similar  circumstances  the  greatest  pressure  on 
a  pier,  including  that  on  the  flashboards  on  each  side,  would  be  10  x 
10x8x62.5  =  80,000  pounds,  acting  horizontally  at  one-third  of  the 
height  of  the  pier  from  the  base.  The  concrete  in  the  pier  measures 
1,320  cubic  feet  and  weighs  approximately  1,320x130=171,000 
pounds.  With  three  flashboards  removed  from  each  opening  and 
with  2,835  second-feet  of  water  flowing  into  the  lower  channel,  the 
depth  of  water  here  would  be  6  feet;  and  if  the  wajer  worked  It^^wj 
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underneath,  the  pier  might  lose  in  weight  about  45,000  pounds.  When 
all  of  the  flashboards  are  in  place  and  5  feet  depth  of  water  (6,83:2 
second-feet)  is  flowing  over  the  weir,  the  depth  of  water  in  the  chan- 
nel below  would  be  10  feet.  Of  course  this  would  be  an  extreme  case 
and  one  quite  unlikely  to  occur  if  the  flashboards  were  removed  as 
the  water  rose,  so  as  to  keep  the  wat^r  as  nearly  at  the  level  of  the 
top  of  the  weir  as  possible.  In  such  a  case,  however,  the  piers  would 
practically  be  submerged  and  would  lose  considerable  of  their  weight, 
so  that  the  possibility  of  their  being  moved  bodily  downstream  had  to 
be  considered.  To  prevent  this  tendency,  the  piers  are  built  on  the 
first  platform  of  12-inch  by  12-incli  timbers,  which  is  bolted  to  the 
caps  on  the  piles.  The  second  or  upper  platform  of  12- inch  by  12-ineh 
timbers,  which  is  securely  bolted  to  the  first  platform,  surrounds  the 
piers  on  three  sides,  so  that  there  is  no  possibility  of  the  piers  being 
moved  downstream. 

To  prevent  too  much  vibration  from  the  water  falling  over  the 
flashboards,  secondary  steel  grooves  are  placed  near  the  lower  end  of 
the  piers,  in  which  three  or  four  flashboards  may  be  dropped,  so  as  to 
form  a  cushion  for  the  falling  wat^r. 

In  order  to  keep  the  platform  constantly  wet  during  low  water, 
which  is  essential  to  its  preservation,  a  12-iuch  by  12-inch  timber  is 
run  the  entire  distance  across  its  lower  edge,  being  securely  bolted 
to  it  with  driftbolts.  This  forms  a  second  cushion  for  the  water 
flowing  from  the  openings  in  the  weirs,  and  also  keeps  the  entire  plat- 
form and  piling  continually  submerged. 

The  measurement  of  any  quantity  of  water  during  the  irrigation 
season  can  easily  be  effected — (1)  by  removing  the  number  of  boards 
necessary  to  measure  quantities  greater  than  13  cubic  feet  i>er  second, 
and  (2)  by  raising  one  flashboard,  so  as  to  form  a  submerged  opening 
of  the  size  required,  to  measure  smaller  quantities.  It  is  evident  that 
within  reasonable  limits  this  will  afford  a  verj'  effective  and  simple 
method  of  measurement. 

It  is  proposed  to  run  small  horizontal  grooves  a  few  inches  apart 
on  the  sides  of  the  piers,  so  as  to  admit  air  under  the  jets  falling  over 
the  flashboards. 

It  is  believed  that  the  weir  as  designed  will  meet  all  requirements. 


INDEX. 


Page, 
^dams    ditch,  dam  and    head  of,  view 

showing 20 

description  and  history  of 21 

discharge  measurement  of 19 

Mtitndes  in  Cache  Creek  Basin 11,14,31 

Artesian  water,  occurrence  of *28,S8 

\therton.  Captain,  acknowledgments  to.       «U 
Bartlett  Creek,  discharge  measurement 

of 19,27 

Bartlett  Springs,  elevation  of 14 

rainfall  at 14 

Bartlett  Springs  Hotel,  rainfall  records 

kept  by U 

Bear  Creek,  discharge  measurement  of..  19,27 

features  of 27 

C!ache  Creek  Basin,  location  and  physical 

features  of 11-12 

mapof 11 

CTache  Creek  Canyon,  views  in 12 

Cadenasso  Creek,  volume  of 26 

California  Water  and  Forest  Association, 

acknowledgments  to 9 

Canals  proposed,  details  regarding 20-21 

C?apay,  elevation  of 14 

rainfall  at 14,16 

rainfall  at,  diagTtom  showing 13 

CJapay  Valley,  features  of 12 

pumping    plant    in,  portable,  view 

showing 24 

pumping  plant  near 23-24,25 

tributaries  of  Cache  Creek  in 26-31 

Car  ay  Valley  ditch,  description  and  his- 
tory of  2() 

diverting  weir  of,  view  showing 20 

Clear  Lake,  analysis  of  water  from 33 

area  and  volume  of 33-34,40 

description  of 32-33 

evaporation  in 36-37 

lands  required  for  storage  of  water  in  43-44 

level  of,  fluctuations  in 34-37, 39-40 

levels  of,  high-water  and  low-water, 

diagram  showing 37 

outlet  of,  mapof 40 

outlet  channel  of,  description  of 41-42 

outlet  channel  of,  profile  of 41 

outlet  embankment  for,  features  of. .       42 

outlet  embankment  for,  profile  of 42 

volume  of,  fluctuations  in 38,39-40 

volume  and  area  of 33-34,40 

water  storage  in,  cost  of 41-43 

water  storage  in,  effects  of 37-41 

water  storage  in,  lands  reriuired  for  .  43-44 
weir  for  regulating  outlet  of,  cost  of.  42 
weir  for  regulating  outlet  of,  features 

of 42-43,44-46 

weir  for  regulating  outlet  of,  view 

showing 44 


Pasfc. 
Clover    and    Middle    creeks,    discharge 

measurement  of 19,32 

Cottonwood  ditch,  description  and  his- 
tory of  21 

Davis  Creek,  features  of 27 

Drainage  area  of  Cache  Creek  and  tribu- 

taHee..... 11 

Elston  drug  store,  rainfall  records  kept 

by 17 

Eroded   clay  slopes  on  North   Fork  of 

Cache  Creek,  view  showing 28 

Esparto,  elevation  of 14 

rainfall  at 14,17 

Evaporation  in  Clear  Lake,  data  regard- 
ing   36-37 

Fall  or  slope  of  Cache  Creek.. ^ 11,12 

Fiske  Creek,  features  of 27 

Floyd,  Captain,  acknowledgments  to 34 

rainfall  records  kept  by 15 

Force,  Mr. ,  rainfall  records  kept  by 15 

Formhalz,  Ferdinand,  acknowledgments 

to 9 

Gravel  bed  of  North  Fork  of  Cache  Creek, 

view  showing 28 

Hall,  William  Ham.,  data  compiled  by 8J-36 

Hennigen  ditch,  description  and  history 

of 23 

Hungry  Hollow,  well  borings  in 28 

Irrigation,  need  of,  in  Yolo  Basin 12 

Irrigation  works,  details  regarding...  19-24.25 

Eelsey  Creek,  discharge    measurement 

of 10,32 

Kelseyville,  elevation  of 14 

rainfall  at 14,16 

Kennedy,  Thomas,  rainfall  records  kept 

by 10 

Kono  Tayee,  elevation  of 14 

rainfall  at 14,15 

rainfall  at,  diagrams  showing 13, 14 

Lakeport,  elevation  of *. 14 

rainfall  at 14,15 

rainfall  at,  diagram  showing 13 

Langenoor  ditch,   headworks    of,    view 

showing  22 

description  and  history  of 23 

Little  Indian  Valley,  dam  site  in,  map  of.       30 

dam  site  in,  views  showing 30,32 

elevation  of 81 

features  of 29-31 

reservoir  proposed  in 29-31 

reservoir  site  in,  mapof 29 

Long  Valley,  reservoir  site  in 28-29 

Long  Valley  Creek,  discharge  measure- 
ment of  19,28 

Maxwell ,  W.  A. ,  rainfall  records  kept  by .       16 

Middle  and  Clover  creeks,  discharge  mea.s- 

urement&ot Y^>'?a 


48 


INDEX. 


Page. 

Moore  dltdi,  description  and  history  of . .       23 

discharge  measurements  of 19 

head  works  and  dam  of,  view  sho  winfir.       23 

Newell,  F.  H.,  letter  of  transmittal  by. . .    0-10 

North  Fork  of  Cache  Creek,  discharge 

measurements  of 19,:!7,28 

eroded  clay  slopes  of,  view  showing. .       38 

features  of 27-28 

gravel  bed  of,  view  showing 38 

rainfall  on 30 

reservoir  sites  on 38-31 

Porter,  F.  H.,  acknowledgments  to 84 

rainfall  records  kept  by 15 

Precipitation.    See  Rainfall. 

Price,  Thomas,  analysis  of  water  by 8:^ 

Pumping  plants  in  Cache  Creek  Basin, 

details-regarding 38-34.^ 

views  of 24 

Quinton,  J.  H.,  acknowledgments  to 9 


Stream  measozements l8-19,:a,27.2S.3! 

Salphur  Creek,  features  of 27 

Taber,  H.  J.,  rainfall  records  kept  by Itf 

Timber,  extent  and  character  of U 

Topography,  features  of .  11-12 

Tule  canal,  discharge  measurament  of . . .      19 

Twin  Valleys,  featuresof 9 

Underground  waters,  utilization  of 2I4-9S 

Water,  analysis  of,  from  Clear  Lake 83 

Water  plane,  depth  of 34-26 

Water  storage  in  Clear  Lake,  cost  of 41-43 

eifectsof 37-11 

featuresof 28-M 

Weir,  diverting,  view  showing 20 

Weir,  regulating,  for  Clear  Lake  reser- 
voir, details  regarding 43-43, 44-46 

for  Clear  Lake  outlet,  view  showing . .      4i 
Well  borings  in  Hungry  Hollow,  details 

regarding 26 


refiort  by,  on  Clear  Lake  outlet 44-46  >  Well  borings  near  Woodland,  details  re- 


Bainfall  in  Cache  Creek  Basin,  diagrams 

showing 13,14 

tables  of 13-18 

Beservoir  sites  on  North  Fork,  details  re- 
garding    28-81 

Reynolds,  A.  M.,  rainfall  records  kept  by .       15 

Rumsey,  elevation  of 14 

rainfall  at 14,16 

rainfall  at,  diagrams  showing 18, 14 

Rumsey,  Capt.  C.  D.,  acknowledgments 

to 34,37 

rainfall  records  kept  by 15,16 

Schuyler,  J.  Dm  quoted 20-21,28 

Scotts  Creek,  discharge  measurement  of.  VJ, 32 

Slope  or  fall  of  Cache  Creek 11.12 

Southern  Pacific  Railroad,  acknowledg- 
ments to  9 

rainfall  records  kept  by 16.17 

Stanton  Creek,  discharge  measurement 

cf 19,27-28 


garding : 

Wells  used  for  irrigation,  details  regard- 
ing   34-S 

Wilson,  J.  M.,  acknowledgments  to 10 

discharge  measurements  by U,19 

quoted 12 

Wolf  Creek,  discharge  measurement  of. .  19.26 

Woodland,  elevation  of 14 

pumping  plants  near 23-3l,2S 

rainfall  at 14,17 

rainfall  at,  diagrams  showing 13,14 

well  borings  near 25-26 

Woodland   Chamber  of  Commerce,  ae- 

knowledgmenta  to 9 

Wy lie,  Richard,  acknowledgments  to 9 

Yolo,  elevation  of 14 

rainfall  at 14,18 

Yolo  Basin,  features  of 12 

Yolo  County,  artesian  well  in .36 

Yolo  Orchard,  rainfall  records  kept  by . .        17 


0 


DEPAETMENT    OF    THE    ISTERIOU 


WATER-SUPPLY 


IREIGATTON    PAPERS 


UNITED  STATES  GEOLOGICAL  SURVEY 


ISJ"o.  -46 


WASUINGTOS 

QOVEKNMENT    PRINTING    OKFICE 
1901 


I' 


:    •  s 


UNITED  STATES  GEOLOGICAL  SURVEY 

CHAKLEtl  D.  WALCOTT.  UIXECTOR 


[FM  RIVER, 


FRANK    H    OLMSTKD 


ISmCE  OF  YOBA  RIVER,  CALIFORNIA 


MARS  DEN   MANSON 


WASHINGTON 

GOVERNMENT  PKINTINO   OFFICE 

1901 


M     .        l 


■4 

I' 
1' 


I 


i  •. 


•it 


CONTENTS. 


Page. 

Letter  of  Transmittal 9 

Physical  Characteristics  of  Kern  River.  California,  by  Frank  H. 

Olmsted 11 

Introdnction 11 

Physical  features 13 

Volnme 16 

Power  possibilities 25 

Reconnaissance  of  Xusa  River,  California,  by  Marsden  Manson 89 

Watershed 89 

Topography 41 

Natural  storage  of  water  in  Ynba  River  Basin 42 

Artificial  storage  possibilities 48 

Comparison  of  low- water  discharge  from  a  timbered  area  with  that 

from  a  comparatively  treeless  area 46 

Discharge  measurements  of  Yuba  River  and  its  tributaries 47 

Index .  55 

5 


ILLUSTRATIONS. 


Plate  I.  View  of  Kern  River  near  Kernville  -  ' 14 

II.  View  of  gaging  station  on  North  Fork  of  Kern  River 16 

III.  Map  of  upper  Kern  River , 18 

IV.  .1,  Head  of  South  Fork  of  Yuba  River  and  Lake  Spanlding;  B, 

Ynba  River  in  the  foothills 40 

V.  A,  Canyon  of  Middle  Fork  of  Yuba  River;  B,  Middle  Fork  near 

Freeman's  crossing 42 

VI.  .4,  English  reservoir  site  on  Middle  Fork  of  Yuba  River;  B,  Small 

dam  of  English  reservoir 44 

VII.  Ay  Browns  Valley  Irrigation  District  dam  from  above;  B,  Browns 

Valley  Irrigation  District  dam  from  below  ...  46 

VIII.  .4,  Second-growth  forest  destroyed  by  fire;  B,  Head  of  South  Yuba 

Canal  Company's  ditch 48 

Fio.  1.  Map  showing  minor  drainage  basins  of  upper  Kern  River 12 

2.  Profile  of  Kern  River 14 

3.  View  of  mountain  valley  in  Kern  River  Basin 15 

4.  Profile  of  South  Fork  of  Kern  River 15 

5.  Map  showing  points  of  stream  measurements 16 

6.  Diagram  showing  synchronous  discharge  and  temi)erature  observa- 

tions at  First  Point  of  Measurement 24 

7.  Plan  of  reservoir  site  of  Kern  River  Company 26 

8.  Cross  section  of  proposed  dam  site  of  Kern  River  Company  on 

Salmon  Creek 29 

9.  Plan  of  reservoir  site  of  Kern-Rand  Electric  Power  Company 80 

10.  Plan  of  dam  site  of  Kern- Rand  Electric  Power  Company 81 

11.  Sectional  elevation  of  dam  proposed  by  Kern- Rand  El  ctric  Power 

Company 82 

12.  Vertical  section  of  tower  for  dam  proposed  by  Kern-Rand  Electric 

Power  Company,  showing  arrangement  of  gates 34 

13.  Sectional  elevation  and  plan  of  gate  tower  for  dam  proposed  by 

Kern-Rand  Electric  Power  Company 85 

14.  Map  of  Yuba  River,  showing  location  of  gaging  stations 40 

15.  Diagram  showing  depth  of  snow  at  Lake  Fordyce 43 

16.  Curve  showing  relation  of  gage  height  to  discharge  of  Yuba  River.  47 

17.  Curve  showing  relation  of  gage  height  to  discharge  of  North  Fork 

ofYubaRiver ,.  52 

18.  Curve  showing  relation  of  gage  height  to  discharge  of  Middle  Fork 

OfYubaRiver 52 

7 


!( 


LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
Waiihingfoii,  Z).  C,  March  6,  1901. 

Sir:  I  have  the  honor  to  transmit  herewith  two  manuscripts  for 
"tablieation  together  in  the  series  of  papei-s  upon  water  supply  and 
rrigation. 

The  first  manuscript  is  by  Mr.  Frank  H.  Olmsted,  a  civil  engineer 
t  southern  California,  and  relates  to  the  physical  characteristics  of 
b.e  catchment  area  of  Kern  River,  California.  In  this  paper  the 
xithor  describes  the  drainage  basin  and  estimates  the  amount  of 
^ater  coming  from  it  and  the  power  available  from  a  complete  utili- 
•ation  of  the  various  portions  of  the  stream.  He  also  discusses  the 
itilization  of  this  power  in  pumping  for  irrigation. 

The  ultimate  development  of  a  considerable  i)ortion  of  the  arid 
region  depends  not  only  upon  complete  storage  and  control  of  the 
streams,  but  upon  the  largest  possible  use  of  the  power  which  may  bo 
generated  in  the  upper  or  stoeper  portions  of  the  channel  and  trans- 
mitted electricall}'  out  ui)on  the  plains,  to  be  used  in  bringing  to  the 
surface  the  moisture  which  has  sunk  below  the  reach  of  the  roots  of  the 
plants.  By  this  means  the  area  of  cultivation  can  be  greatly  extended; 
and,  as  shown  by  Mr.  Olmsted,  the  cost  of  pumping  this  water  and 
applying  it  to  the  soil  may,  under  favorable  conditions,  be  less  than 
that  of  obtaining  a  supply  by  gravity. 

In  earlier  pamphlets  of  this  series  of  Water-Supply  Papers  the  util- 
ization of  wind  i)Ower  for  this  purpose  has  been  discussed,  the 
Bfficiencj''  of  the  windmill  has  been  described,  and  the  advantages  due 
to  the  small  cost  and  independent  construction  of  each  mill  have 
been  shown.  Where,  however,  it  is  practicable  to  obtain  electric 
power  at  small  cost,  pumping  plants  operated  by  electricity  can  bo 
widely  distributed  and  may  have  certain  advantages  over  the  wind- 
mill. It  is  therefore  important,  in  any  discussion  of  the  method  of 
utilizing  the  water  resources,  to  bring  to  public  attention  the  possible 
developments  along  this  line. 

The  second  manuscript  presented  herewith  has  been  prepared  by 
Dr.  Marsden  Manson,  and  relates  to  Yuba  River,  a  tributary  of  the 
Sacramento.  Dr.  Manson  discusses  the  physical  conditions  and  stor- 
age possibilities  of  this  stream,  bringing  out  particularly  the  import- 
ance of  preserving  the  forest  cover  on  the  upper  caU!.Vv\si<^TiV  \»sssv\i.^ 
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and,  if  possible,  increasing  this  by  artificial  means;  and  shows  1)] 
estimates  the  possible  increase  of  available  water  through  eompkv 
afforestation  of  the  area.  The  relation  of  forests  to  river  flovir 
believed  to  be  of  great  importance,  and  is  a  matter  upon  which  pw" 
cise  data  are  needed.  It  is  hoped  that  as  the  systematic  river  meas- 
urements continue  it  will  be  possible  to  state  more  and  more  defi- 
nitely tlie  precise  relation  which  the  forest  cover  bears  to  the  behavior 
of  the  stream. 

Tlie  protection  of  the  forests  by  the  creation  of  reservations  and 
the  (conservation  of  the  waters  through  reservoirs  eonstmcted  withii 
these  various  reservations  are  of  such  vital  importance  to  the  ulilizi- 
tiou  of  the  arid  lands  of  the  West,  both  by  direct  irrigation  and  bjr 
the  creation  of  i)ower  for  pumping  water,  that  all  matters  pertainiuf 
to  these  subjects  have  interest  to  the  citizens  of  the  country  as  the 
great  landowners. 

It  is  for  these  reasons  that  these  manuscripts  are  presented  asi  aHh 
tributions  to  a  larger  knowledge  of  the  subject. 
Very  respectfully, 

F.  H.  Newell, 

Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  Survey. 


PHYSICAL  CHARACTERISTICS  OF  KERN 

RIVER,  CALIFORNIA,  WITH  SPECIAL 

REFERENCE  TO  ELECTRIC  POWER 

DEVELOPMENT. 


By  Frank  H.  Olmsted. 


INTRODUCTION. 

The  development  of  southern  California  has  been  retarded  by 
three  factors  which  are  still  operative:  (1)  Distance  from  the  world's 
markets  and  commercial  centers;  (2)  shortage  of  water;  (3)  lack  of 
cheap  fuel  and  power.  Volumes  might  be  written  in  regard  to  the 
relation  whicli  the  development  of  wat-er  in  southern  Calif on^ia  bears 
to  the  progress  of  the  people,  but  broadly  stated  it  may  be  said  that 
the  real  development  of  this  section  ^vill  be  defined  and  limited  by 
the  amount  of  water  available  for  irrigation  from  San  Diego  to  Santa 
Barbara  and  from  San  Pedro  to  the  desert  on  the  east.  Regarding 
cheap  fuel  and  power,  neither  Los  Angeles,  the  commercial  center  of 
this  section,  nor  any  other  place  in  southern  California  has  had  it, 
and  even  now,  when  it  is  reasonable  to  suppose  that  the  local  oil 
industry  is  at  its  l)est,  the  price  of  oil  is  approaching  81  ^  barrel 
of  42  gallons ;  or,  expressed  differently,  the  cost  of  oil  as  fuel  is  equal 
to  bituminous  coal  at  4^4  a  ton.  During  the  last  five  years  Los  Angeles 
has  had  an  industrial  awakening  corresponding  to  this  decrease  in  the 
cost  of  fuel  from  87  or  88  a  ton  to  ^4  a  ton. 

During  the  first  year  of  its  advent  in  the  Los  Angeles  market  the 
cost  of  oil  ranged  between  80.40  and  81  a  barrel.  Most  of  the  users  of 
coal  at  that  time  found  it  economical  to  change  their  gratis  to  oil 
burners,  but  since  1896  the  tendency  of  the  oil  .market  has  been 
upward,  until  now  the  cost  of  oil  is  80.75  to  81  a  barrel.  At  81.50  a 
barrel  oil  as  fuel  is  no  cheaper  than  Gallup  coal  at  87  a  ton,  except 
that  usually  the  oil  feeder  is  arranged  so  as  not  to  require  an  attend- 
ant, thus  saving  the  wages  of  a  stoker.  In  carload  lots,  the  cost  of 
Wellington  bituminous  coals  is  about  81  a  ton  more  than  the  Eastern 
lignites;  and,  limited  as  the  output  has  been,  at  present  it  virtually 
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controls  the  I.*os  Angeles  market.  During  at  least  half  of  theji 
the  demand  in  Los  Angeles  is  so  near  the  greatest  availahle  soR 
that  outside  orders  for  coal  are  not  sought.  The  oil  supply  hai « 
tribut'ed  to  the  industrial  advancement  of  southern  California,  i 
there  are  many  reasons  for  believing  that  with  cheap  electric  poi 


*-N../ 


Fio.  1.— Map  showing  minor  drainage  basin « of  npper  Kern  River. 

the  maiiufacturoH  and  industries  of  southern  California  in  gei 
and  of  the  city  of  Los  Angeles  in  particular,  would  quickl3'  res] 
and  that  their  growth  would  be  upon  a  safer  foundation  a 
broader  basis.  The  future  outlook  <loos  not,  however,  warran 
hope  for  much  better  fuel  rat^a,  even  with  the  construction  o 
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b  Lake  Railroad  assured;  but  there  is  good  reason  to  expect 
»ax>er  power,  and  if  this  expectation  is  realized,  the  greater  part  of 
►  power  must  come  from  Kern  Rivec 

PHYSIC  AT.   FKATURE8. 

Kern  River  rises  on  the  western  slope  of  the  Sierra  Nevada,  the 
jatest  mountain  range  in  the  United  States.  For  a  distance  of  100 
les  the  average  elevation  of  this  crest  line  is  more  than  11,000  feet 
3ve  tlie  sea,  and  so  great  is  the  run-off  that  within  the  first  15  miles 
its  course  the  river  receives  80  per  cent  of  its  total  summer  flow  at 
)  mouth  of  its  canyon  100  miles  away.  The  drainage  area  of  the 
eam  above  the  latter  i)oint  is  2,349.3  square  miles.  Fig.  1  is  a  map 
>wing  the  distribution  of  tliis  drainage  area,  the  minor  drainage 
jins  being  outlined  and  their  respective  areas  given.  The  follow- 
:  tables  give  the  names  and  the  respective  areas  of  these  minor 
linage  basins: 

^-1  rean  of  minor  drainage  basins  of  North  Fork  of  Kern  Ritter, 

Square  miles. 

Headwaters 318. 5 

Whitney  Creek 53.8 

SmallCreek-   . 28.0 

Xinemile  Creek 7.5 

Menacbe  Creek .  25. 0 

Trout  Meadow  Creek 25. 5 

Harris  Creek 57. 5 

Tibbetts  Creek... 80.0 

Brush  Creek 49. 5 

Sa'-mon  Creek 31. 0 

Corral  and  other  creeks 75.0 

Little  Kern  River ...   . 142.5 

Needles  Creek 17.5 

ClarkCreek 26.0 

Jackson  Creek 27.5 

WadeCYeek .. .  .  89.5 

Tobias  and  other  creeks :..... 57. 0 

BullRun  Creek 28.7 

TillyCreek 30.0 

Total  to  junction  of  South  Fork '1,070.0 

Areas  of  mintyr  drainage  Ixisins  of  South  Fork  of  Kern  River, 

S<iuare  miles. 

Headwaters 165.0 

Fish  Creek 51.8 

Middle  tributaries 335.0 

Lower  tributaries  from  north 65. 0 

Lower  tributaries  from  south 888. 0 

Total  to  junction  with  North  Fork 1,004.8 
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Drainage  areas  of  Kern  Riifr, 

Square  miIe«L 

North  Fork 1.070.0 

SomhFork 1,004.8 

Tribntaries  from  north  Bide  after  jnnctioD _ W.  5 

TribntarieK  from  sonth  side  after  junction 190. 0 


Total 2,849.3 

Tho  length  of  Kern  River  from  King  River  siininiit,  on  its  iiiait 
fork,  to  the  mouth  of  tlu*  eanyon  above  Bakerafield  is  118  miles. 
The  ehannel  is  in  granile,  and,  witli  the  exception  of  a  few  drops  in 
the  lower  reaelies  of  the  stream,  the  grades  are  fairly  uniform.    In 

o 

•0 


'S 


I 


Si 


l2 


\ 


I 

! 


Sea  tevefdmtctm 


/O  miles 


1 


I 


I 


;3 

1 


10 


M 


¥i 


50 


COvnWfts 


80  W  W 

Vui.  2.— Profile  of  Kern  River. 


the  <>-  miles  above  Kernville  the  stream  falls  5,600  feet,  and  iu  the  4?* 
miles  Ix^low  Kernville  it  falls  about  2,100  feet.  A  view  of  the  river 
near  Kernville  is  shown  in  PI.  I,  and  a  profile  of  the  stream  in  fig.  t 
Fig.  .'J  is  a  view  of  a  mountain  valley  in  the  basin  of  the  river. 

The  South  Fork  of  the  stream,  which  rises  just  south  of  Cirque 
Peak,  is  S3  miles  long  to  its  juncticm  with  the  North  (op  main)  Fork 
at  Isabella.  Tin*  main  range  of  the  Sierra  Nevada  drops  off  rapidly 
just  south  of  Cirque  Peak,  which  may  account  in  a  large  measure  for 
the  comparatively  small  flow  of  the  South  Fork.  This  branch  of 
Kern  River  i)oss(^*^ses  one  d<*cided  advantage  over  tlie  other  branch, 
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md  over  most  California  Ktreams,  in  that  it  lias  a  Huecension  of  par- 
icularly  fine  reservoir  sites  along  a  channel  otherwise  distingui?<lied 
>y  reaches  of  rapid  descent.     A  profile  of  the  Sonth  Fork  in  shown 
o  fig.  4. 
The  entire   flow-  of   Kern    River  is  utilized   for  irrigation   in  the 


outhorn  end  of  San  Joaquin  Valley,  and  were  it  not  for  the  great 
■vaporation  losses  from  the  Buena  Vista  Lake  reservoir  the  system 
rould  be  called  effective.  The  power  of  the  stream,  which,  with  one 
mall  exception,  is  available  in  large  units,  wastes  itself  upon  the 
narhled  liowlders  and  granite  bed  rock  of  the  canyon,  and  suggests 


s,.,^,aM 

I 

I 

1 

1 

1 

-1 

Fl(t.  «.— Proflle  of  Booth  Fork  ot  Kem  RiTer 

lU  encouraging  field  for  immediate  investigation.  The  need  of 
K)wer  in  the  agricultural  valleys  of  California  was  never  so  apparent 
IS  DOW,  after  a  series  of  dry  yeai-s,  when  the  ordinary  fiow  of  the 
itreams  has  diminished  to  the  extent  of  eliminating  much  hitherto 
valuable  land,  which  of  course  precludes  turthev  4evfe\«5B\ew.\  ^«&% 
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gravity  lines.  Power  applied  lo  the  pumping  of  water  from  t 
gravel  beds  wbicb  underlie  most  of  the  California  streams  where  tli 
debouch  from  their  canyons  at  oiiee  solves  the  difficulty;  and  wht 
the  wutor  plaue  is  not  far  below  the  surface  this  method  of  irrigati 


is  in  many  ways  more  convenient  and  perhaps  not  niofe  expeusi^ 
than  the  ordinary  <;anal. 

VOr-UMK. 

From  daily  mortsurenients  t-ontinued  thriiiigh  a  series  of  years  t! 
ruD-off  of  Kern  River  Basin  is  well  established,  though  the  precipit 


18 


BECONNAI88ANCE   OF   EBBN    RIVBB,  CALIFOKiaA. 


Since  September,  1893,  the  Kem  County  Land  Company  has  made 
careful  daily  measurements  of  the  flow  of  Kem  River  at  First  Point 
of  Measurement.  At  Rio  Bravo  ranch,  in  see.  11,  T.  29  S.,  R.  29  K., 
M.  D.  M. ,  8i  miles  above  First  Point  of  Measurement,  the  flow  of  dw 
river  has  been  raeasuretl  for  many  years  by  the  State  en^neer  of  Cal- 
ifornia. It  is  estimate  by  Mr,  James,  chief  eoginaer  of  the  Kem 
County  Land  Company,  that  there  is  a  loss  of  50  second-feet  between 
these  g^ing  stations.  The  accompanying  tables  give  the  monthly 
dischai^e  of  the  river  at  Rio  Bravo  ranch  for  the  years  1878-18^4, 
inclusive,  and  at  First  Point  of  Measurement  for  the  years  1893-190"i, 
inclusive.  On  page  22  is  a  comparative  table  of  the  estimated  dailr 
discharge  of  the  river  during  1900  at  First  Point  of  Measurement  and 
just  below  Tobias  Creek,  which  is  17  miles  above  the  mouth  of  the 
South  Fork  of  Kem  River  and  about  2  miles  above  the  mouth  of  Sal- 
mon Creek,  and  enters  the  North  Fork  from  the  east. 

On  pages  32  and  23  is  a  table  of  miscellaueoas  discharge  measure- 
ments of  Kern  River  and  its  tributaries,  and  on  the  latter  page  are 
tables  of  rainfall  at  three  places  in  Kern  River  Basin. 

Estimated  monthly  ditcharge  of  Kern  Ru<er  ut  Rio  Bravo  ranch. 
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EtHmaUd  monthlj/  discharge  of  Kern  River  at  Pint  Point  of  Measurement, 

[DimloBga  mrsK  oHd  in  pr«Ttoiu  roporto,  £,3tS  aqture  mllea.] 
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monttUjfdiaeharge  of  Kern  River  at  Firal  Point  of  Mmumtment — Cont'd. 
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Estimated  daily  discharge  of  Kern  River  for  1900, 


Day. 

July. 

Ausrust. 

September. 

October. 

First 
Point  of 
Measure- 
ment. 

Just  be- 
low 
Tobias 
Creek. 

First 
Point  of 
Measure- 
ment. 

Just  bo- 
low 
Tobias 
Creek. 

First 
Point  of 
Measure- 
ment. 

Just  be- 
low 
Tobias 
Creek. 

First 

Point  of 

Measnre- 

ment. 

!  Just  be- 
low 
Tobiaa 
j  Creek. 

1 

Sec.-/t. 

Sec.-ft. 

Sec.-fU 
209.06 
190.64 
188.25 
193.78 
195.49 
188.78 
178.86 
160.11 
178.82 
171.89 
159.88 
161.24 
167.67 
149.18 
140.79 
130.41 
122.67 
116.84 
116.75 
120.21 
120.16 
120.88 
121.81 
114.32 
110.85 
109.43 
110. 7U 
107.63 
102.99 
106.31 
108.18 

8ec-ft 
334.00 
338.00 
306.20 
262.90 
244.88 
234.82 
280.62 
280.00 
228.66 
228.66 
226.14 
228.50 
236.00 
224.34 
222.84 
222.84 
218.80 
205.80 
201.50 
198.44 
195.86 
194.80 
192.90 
195.64 
195.00 
198.40 
194.08 
186.00 
187.20 
181.00 
178.40 

8ec.-ft. 
106.81 
115.71 
131.89 
147.24 
190.01 
160.17 
156.86 
241.22 
221.09 
212.66 
188.13 
176.88 
174.77 
170.70 
170.66 
166.97 
157.06 
156.60 
151.08 
146.16 
138.63 
189.29 
142.05 
144.14 
130.79 
141.81 
153.44 
155.78 
161.31 
147.22 

SeC'ft. 
212.80 
810.40 
806.00 
274.26 
256.00 
258.20 
246.40 
244.00 
244.00 
284.82 
282.06 
282.58 
280.44 
222.60 
220.80 
220.00 
213.76 
214.90 
211.14 
210.84 
211.00  , 
206.68  1 
206.60  j 
207.32 
206.90 
206.40 
207.54 
205.86 
205.32 
207.10 
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i4i.se 
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Miscellaneous  discharge  measurements  of  Kern  River  and  its  tributaries. 


Date. 


1898. 
July  10 


Do. 
Do. 
Do. 
Do. 


July... 
Do. 


Do. 

Do. 

Aug.  29 


1899. 
Sept.  2. . 


1900. 
June  19. 
June  20. 

Do.. 


June  21 . 

Juno  :^ . 
Do 
Do  . 
Do. 

June  23. 


Stream. 


North  Fork  of  Kern 
River. 


.do 
.do 
.do 


South  Fork  of  Kern 
River. 

North  Pork  of  Kern 

River. 
South  Fork  of  Kern 

River. 

do 

do 

Kern  River 


do 


Basin  Creek 

South  Fork  of  Kern 

River. 
North  Fork  of  Kern 

River. 

Bull  Run  Creek 

Tobias  Creek 

Ant  Creek 

Salmon  Creek 

Corral  Creek 

South  Needles  Creek 


Locality. 


Hydrographer. 


"A"  channel,  above 
junction  with 
South  Fork. 

''B*' channel 

"C"  channel 

"D"  channel 

700  feet  above  junc- 
tion with  North 
Pork. 

At  mouth 


At  engineers*  old 
camp. 

Sea6,T.22S.,R.86E. 

Menache  Meadows . . . 

First  Point  of  Meas- 
urement. 


.do 


Rankin's  ranch, 
Walkers  Basin. 

700  feet  above  junc- 
tion. 

Hooper *8  mill  bridge. 

Near  mouth 

do 

At  mouth 

..  ..do 

Near  mouth 

At  Needles  Peak 


F.  H.  Olmsted. 


.do 

do 

.do 

.do 


.do 

-do 

.do 
.do 
.do 


.do 


.do 

.do 

.do 
.do 
.do 
.do 
.do 
do 
do 


Eleva- 
tion. 


Feet. 


Dis^ 
charge. 


4 


h 


8,200 
'4."«6' 


Sec-ft. 
17.00  I 


190.00 

107.  a) 

8.00 

13.00 


83000  t 


I 


16.00 

laoo 

5.39 
115.60 


90.2! 


1.33 

14.18  ; 

338.17 
2.30 
2.« 

.18 
S.45 

.S 
582 


YOLTUB.  28 

JUimxllaneout  diaeharge  ttua»urementi  of  Kern  River  and  ita  tributariea — Cont'd. 


Do Little  Kera  Biver... 


jDDeS8... 
June  a.. 


July!-.. 
JuItB!;! 


TlbbettsCrwk._ 


North  Fork  of  Kom  i  WWO  feet  above Jan- 


'l^e 


Whltner  Creek... 
Creek  amib  otBt 


Soatb  Fork  o(  Kem 


UeD*che  MeadowB . 


Above  North  Fork. .. 

At  new  gaKlUK  sta- 
tion 4.nB  (eet 
above  jUQctloD  with 
SonthFork. 

AtBoTse  Meadows... 

T.a8..R.B6E 


ItniKl^  BtaUo 


Hrdrograi>ber. 


I  BlevlP 


P.H,Oliiiatad..| 

...-do.- 

;;"doi;;;^'i!;; !;;!' 


Precipitation  in  Kem  River  Basin, 


"tfi- 


[Observer,  UoaDUUDHome  saivmlll] 


Sept.l  Oct.    Nov.  Dec.  |  Jan. ,  Feb. 


Seasm. 

Septl  Oct   Nov.  Dec. 

J„. 

Fob.  Mar. 

Apr. 

a.». 

Juoa. 

Jaly. 

Aug 

Total. 

a.sa 

a.  VI 

Is 

0.0a    1.B4 

3:S  a 

as 

A.0O 

i 

0.00 

0.05 

oioo 

199H-KT.... 

if:::; 

1 

0.™ 

si 

1 

MOUNT  BRECKENKIDQE. 


lOb 

aerve 

.O.  (J 

ttenn 

ao.l 

SeKKm. 

Sept 

Oot. 

«cv. 

D... 

Jao.jl'Bb. 

Mar- 

Apr, 

Majr. 

June. 

«. 

Abb. 

S.X 

t.90 

a.oO 

IW 

7.72 

0.00 

0.W 

0.10 

0.00 

0.D0 

O.DU 

Lai 

\ 

1 

u 


BB0ONNAI8SAN0E    OF    KEBN   BIVEB,   CALIFOBNTA. 


The  rain  gage  at  Daunt  is  at  the  Mountain  Home  sawniiU,  near  the 
divide  hetween  Kern  and  Kaweah  rivers,  and  at  an  elevation  of  6,600 
feet.  KemviUe  is  at  an  elevation  of  2,600  feet,  and  Mount  Brecken- 
ridge  at  an  elevation  of  6,750  feet. 

From  the  diagram  (fig.  6)  showing  synchronous  discharge  and  tem- 
perature observatioQs  at  First  Point  of  Measurement  for  the  months 
of  April,  May,  and  June,  1897 — the  particular  season  of  the  year  when 
the  factor  of  snow  enters  prominently  into  the  regimen  of  the  river— 
we  gather,  by  connecting  the  peak  points  of  flow  and  temperature, 
that  ordinarily  it  requires  about  forty-seven  hours  for  the  stream 
waters  to  pass  from  the  snow  line,  aboat  100  miles  np  the  river,  to 


First  Point  of  Measurement.  Under  onlinary  circumstances  the  melt- 
ing of  snow  l)eIow  the  7, (XX)- foot  contour  would  accompany  a  low  gage, 
and  the  mean  velocitj-  would  of  course  be  relatively  slow  compared 
with  a  larger  stream.  The  run-off  of  the  heavy  snows  would  start 
certainly  not  lower  than  the  i^, 500-foot  contour,  and  invariably  would 
be  accompanied  by  a  general  breaking  up  of  winter  in  the  higher 
mountains,  resulting  in  a  high  gage  thi-ouj^hout  the  entire  stream: 
from  which  we  may  infer  that  there  is  no  niavked  difference  in  the 
time  required  for  the  passage  of  snow  water  between  points  as  much 
a.4  30  miles  apart  to  the  canyon  mouth.  When  the  spring  rise  begins 
the  mean  velocity  of  the  stream  waters  from  the  snow  line,  60  miles 
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up,  to  First  Point  of  Measurement  must  be  about  1.90  feet  per  second. 
When  the  snow  line  reaches  the  8,500-foot  contour,  100  miles  upstream, 
the  flood  velocity  is  approximately  3.1  feet  per  second.  This  1.2-foot- 
X)er-8econd  play  in  velocity  between  high  and  low  snow  water  gage  in 
the  stream  represents  the  only  data  available  for  estimating,  even 
crudely,  the  velocity-slope  relations  during  the  remainder  of  the  year. 

POWER  POSSIBIIilTIES. 

Elevations  and  distances  have  been  and  still  are  to  a  certain  extent 
assumptions,  and  were  it  not  that  the  data  in  some  form  is  in  demand, 
it  certainly  would  be  desirable  to  possess  more  basic  information  of 
Kern  River  Basin  before  undertaking  to  even  outline  the  power 
possibilities  of  the  stream.  The  flood  period  of  the  year  is  May  and 
June;  the  minimum  flow  occurs  in  September  and  October.  During 
extremely  dry  years  the  flow  at  First  Point  of  Measurement  drops  to 
80  second-feet,  with  a  probable  mean  for  the  month  in  which  this 
occurs  of,  say,  100  second-feet. 

In  the  reach  between  First  Point  of  Measurement  and  Isabella  the 
stream  has  been  affected  by  losses  from  evaporation  and  seepage  and 
by  increment  in  flow  due  to  the  South  Fork,  Clear  Creek,  and  other 
small  tributaries.  Tlie  net  result  of  these  plus  and  minus  factors  is 
estimated  to  be  a  loss  between  these  points  of  122  second-feet.  Call- 
ing this  loss  120  second-feet,  and  taking  the  minimum  flow  at  First 
Point  of  Measurement  (80  second-feet),  we  have,  as  the  least  flow  of 
the  river  at  the  latter  place,  200  second-feet.  Between  Isabella  and 
First  Point  of  Measurement  the  fall  is  about  1,900  feet,  giving  more 
than  42,000  theoretical  horsepower.  At  Isabella  the  mean  flow  for 
the  full  year  1899  was  588  second-feet,  for  1898  it  was  469  second-feet, 
and  for  1897  it  was  1,353  second-feet.  Below  Isabella  the  topography 
on  the  right  bank  is  not  unfavorable  for  the  construction  of  a  large 
canal,  but  the  immense  bowlders  which  cover  the  southern  and  west- 
em  sides  of  the  Greenliorn  Mountains,  and  which  are  constantly  in 
transit  down  the  slopes,  are  not  an  economical  factor  in  canal  con- 
struction. 

Of  the  total  flow  of  Kern  River  at  First  Point  of  Measurement 
80  per  cent  passes  Funstons  on  the  North  Fork,  or  a  point  of  equal 
elevation  (7,050  feet)  on  the  South  Fork,  which  would  be  about  mid- 
way between  the  lower  end  of  Menache  Meadows  and  the  mouth  of 
Fish  Creek.  The  theoretical  power  possibilities  of  the  stream  below 
these  places  would  be,  then,  about  500,000  horsepower,  which,  for  a 
watershed  of  2,349.3  square  miles  in  an  arid  region,  e\idences  the 
remarkable  advantages  of  the  stream,  so  far  as  grades  and  discharge 
are  concerned,  for  electrical-power  development. 

The  Kern  River  Company,  which  has  been  engaged  for  the  last  four 
years  in  securing  rights  of  way  (now  approved  by  the  Department  of 
the  Interior),  and  in  arranging  preliminaries  incident  to  the  construe- 
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tion  of  80  large  a  plant,  has  as  yet  accomplished  nothing  in  the  «a; 
of  actual  building.  A  plan  of  the  reser\'oir  site  of  the  oompiuiy  it 
shown  in  fig.  7.     The  diversion  works  of  their  power  canal  will  be  in 
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the  lower  end  of  the  town  of  Kemville,  where  the  river  forks.  Th< 
West  Fork  is  to  be  deepened  so  that  during  low  stages  this  brand: 
will  gather  all  of  the  water  of  the  river,  and  a  low  training  wall,  ovei 
which  floods  of  the  river  will  pass,  will  be  built.    The  head  gate  wil 
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be  3,600  feet  distant,  on  bed  rock,  and  of  solid  masonry.  The  stand- 
ard cross  section  of  the  canal  for  the  first  10  miles  is  25  feet  wide  at 
bottom,  7.6  feet  depth  of  water,  and  on  a  grade  of  1.058  feet  to  the 
mile.  At  a  distance  of  4^  miles  from  the  head  gate  the  only  consider- 
able structure  on  the  line  is  encountered — the"  bridge  over  Kern 
River.  After  passing  that  point  the  cross  section  of  the  canal  is 
reduced  and  the  grades  are  increased  accordingly. 

The  plans  of  the  company  are  based  upon  a  minimum  flow  of  Kern 
River  past  their  diversion  works  of  400  second-feet.  This,  consider- 
ing the  storage  proposed  on  Salmon  Creek,  which  is  described  further 
on,  is  a  conservative  estimate  for  any  ordinary  series  of  years,  but 
could  not  have  been  maintained  in  1899-1900,  although  in  nine  out  of 
ten  years  it  easily  could  be  increased  to  500  second-feet.  The  plans 
are  based  on  an  available  head  at  the  wheels  of  230  feet  during 
extreme  high  water,  with  an  additional  head  of  40  feet  when  the  river 
is  at  its  minimum  stage.  Mr.  H.  Hawgood,  the  chief  engineer  of  the 
Kern  River  Company,  has  designed,  as  a  generating  unit,  a  water 
wheel  of  1,600  horsepower,  with  an  alternator  of  1,030  kilowatts 
capacity.  There  are  to  be  nine  of  these  units — eight  for  daily  service 
and  one  to  be  held  in  reserve.  For  the  additional  40-foot  head  possi- 
ble during  low  water,  there  will  be  a  760-horsepower  wheel  and  one 
550-kilowatt  alternator.  On  this  basis,  at  no  time  would  there  be 
supplied  to  the  wheels  less  than  11,200  horsepower.  The  impulse 
tj'pe  of  wheel  would  give  an  efficiency  of  80  per  cent,  the  alternators 
an  efficiency  of  95  per  cent,  and  the  step-up  transformers  an  efficiency 
of  98  per  cent,  thus  delivering  to  the  line  8,342  horsepower.  Assum- 
ing 5  per  cent  average  loss  in  transmission  (a  larger  allowance  than 
the  80-mile  carriage  of  the  Southern  California  Power  Company's  cur- 
rent indicates  is  necessary),  there  would  be  delivered  at  the  Los  Angeles 
power  house  7,825  horsepower,  and  with  98  per  cent  efficiency  in  the 
step-down  transformers  there  would  be  5,720  kilowatts  for  daily  dis- 
tribution in  the  city.  This  delivery  could  be  increased  50  per  cent 
for  an  hour  to  take  care  of  the  maximum  load,  which  occurs  between 
the  hours  of  5  and  6  p.  m.  Speaking  conservatively,  and  having  in 
mind  the  ruling  rates  elsewhere  on  the  Coast,  this  7,668  horsepower 
should  command  1^  cents  per  horsepower  per  hour.  During  the  irri- 
gating season  of  1900  the  municipality  of  Los  Angeles  paid  2.2  cents 
per  horsepower  per  hour  for  power  registered  between  the  hours  of 
11  p.  m.  and  5  p.  m.,  and  4.4  cents  per  horsepower  per  hour  for  power 
registered  between  the  hours  of  5  p.  m.  and  11  p.  m.  In  large  plants 
working  eighteen  hours  a  day,  and  with  good  bituminous  coal  at  64  a 
ton,  the  cost  of  1  horsepower  per  year  would  be  |585,  and  in  small 
plants,  where  the  attendance  factor  is  relatively  greater,  the  cost 
would  be  $150.  At  the  rate  of  IJ  cents  the  cost  of  a  horsepower  per 
year  of  three  hundred  and  thirteen  working  days  is  $76.  At  this  rate 
the  gross  annual  revenue  of  the  plant  would  be  $768,000. 
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The  company's  estimate  of  the  cost  of  construction  of  the  plant  and 
lines  for  the  transmission  of  the  current  to  Los  Angeles  is,  approxi- 
mately, $1,333,000.  Using  direct-connected  motor  and  centrifugal 
pumps,  with  30  feet  depth  of  wheel  pit  and  20  feet  additional  lift,  and 
assuming  the  duty  of  water  to  be  8  acres  per  miners'  inch,  1.42  horse- 
power would  irrigate  100  acres  at  the  rate  of,  say,  $2.50  per  acre  per 
annum.  This  would  be  on  the  basis  of  a  50-foot  lift  and  a  rate  of  2 
cents  per  horsepower  per  hour  for  the  current.  The  efficiency  of 
pumping  plants  ranges  from  20  to  68  per  cent — frequently  plants  are 
condemned  solely  because  of  a  lack  of  skillful  assembling  of  the  units. 

Electric  motive  power  possesses  many  advantages  over  either  steam 
or  gasoline  plants  for  pumping  water,  and  in  actual  cost  of  service  it 
may  be  questioned  whether  it  is  not  to  be  compared  with  many  well- 
managed  canal  systems  of  the  State.  The  Kern  Land  Company  has 
twenty-five  pumping  plants  in  operation  near  Bakersfield,  each  deliv- 
ering from  1,400  to  2,000  gallons  a  minute.  These  plants  each  consist 
of  four  wells  in  a  line,  sunk  to  a  depth  of  80  to  130  feet  through  strata 
of  alluvial  loam,  clay,  and  water-bearing  sand.  The  wells  are  cased 
with  galvanized  iron,  13  inches  in  diameter,  No.  16  gage,  perforated 
with  vertical  slits  opened  one-sixteenth  of  an  inch.  It  was  the  prac- 
tice of  Mr.  Lewis  A.  Hicks,  the  engineer  in  charge  of  this  work,  to 
land  the  casing  in  clay,  and  to  perforate  for  all  sand  below  a  depth 
of  30  feet.  Surf  ace  water  was  generally  encountered  at  about  15  feet. 
In  each  plant  the  four  wells  are  6  feet  apart  on  centers,  and  by  experi- 
ment it  was  found  that  the  flow  from  the  four  was  generally  a  little 
more  than  double  that  from  one.  The  total  lift  for  most  of  these 
plants  was  about  35  feet. 

After  many  experiments  to  determine  the  pump  best  suited  to  these 
conditions,  a  centrifugal  pump,  connected  directly  to  the  motor  and 
working  on  a  vertical  rod,  all  thoroughly  bolted  to  steel  framework, 
was  found  to  give  the  greatest  efficiency  and  the  least  trouble  in 
operation — one  attendant  looks  after  ten  plants,  and  there  have  been 
months  when  the  plants  were  in  operation  98  i)er  cent  of  the  time. 
The  farmers  under  the  Kern  Land  Company's  water  supply  are  taxed 
75  cents  per  acre-foot  for  irrigating  water  from  these  electrically 
driven  pumping  plants,  and  as  the  land  requires  2  acre-feet  annual 
irrigation  the  expense  is  81.50  per  acre  per  year.  It  is  not  probable 
that  the  rate  of  1^  cents  i>er  horsepower  per  hour  could  be  maintained 
in  Antelope  Valley  or  farther  south  in  San  Fernando  Valley  for  irreg- 
ular demand,  but  there  is  no  good  reason  why  a  2-cent  rate  could  not 
be  maintained  by  any  of  the  Kern  River  companies. 

The  68  per  cent  efficiency  obtained  in  many  of  the  Kern  Land  Com- 
pany's plants  deserves  more  than  passing  notice.  In  electrically 
driven  pumping  plants  55  per  cent  efficiency  (reckoned  from  the 
meter  consumption  to  the  foot-pounds  raised)  is  very  good,  but  when 
this  is  raised  to  68  per  cent,  the  method  employed  to  obtain  this  result 
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merits  a  detailed  description.     The  following  is  quoted  from  one  of 

Mr.  Hicks's  reports: 

The  pnmpB  are  of  the  Pit  type,  provided  with  10-inch  ontlet,  antomatic  balance, 
heavy  shaft,  and  runners  of  special  curvature  adapted  to  the  speed  and  height  of 
lift,  and  a  delivery  of  5  to  6'  cubic  feet  per  second.  The  bearings  are  provided 
with  sight-feed  oil  cups,  and  the  feed  on  the  upper  bearing  is  upward  against  the 
water  with  which  the  stufi^g-gland  chamber  is  filled.  The  chamber  is  provided 
with  a  gage  glass  to  enable  the  attendant  to  note  any  leak  through  the  packing. 
The  pump  is  bolted  to  cast-iron  pedestal  set  on  a  wooden  base,  and  the  steel 
angles  which  support  the  motor  are  attached  to  the  same  pedestal.  The  assem- 
bling of  the  pumps  and  frame  was  accomplished  in  the  shops,  and  the  completed 
unit  was  hauled  to  its  destination  and  lowered  into  place  on  the  floor  of  the  pit, 
only  requiring  to  be  guyed  to  a  perx>endicular  position  in  the  anchor  frame  to  be 
ready  to  receive  the  motor.  The  adjustment  of  the  thrust  of  the  pump  can  be 
altered  so  as  to  carry  the  entire  weight  of  the  motor  and  shafting  or  such  portion  of 
it  as  may  be  desirable.  It  has  been  found  preferable  to  separate  them  with  100  to 
200  pounds  down  thrust,  as  there  is  a  tendency  to  bow  out  the  shaft  between 
bearings  if  it  is  thrown  into  compression  with  resulting  vibration.  The  motor 
is  provided  with  adjusting  screws,  so  that  its  position  in  vertical  or  horizontal 
planes  can  be  easily  changed  with  a  hand  wrench.  The  pump,  motor,  and  frame 
constitute  a  self-contained  unit,  so  that  any  settlement  of  foundation  does  not 
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Fi«.  8.— Cross  section  of  proposed  dam  sit©  of  Kern  River  Company  on  Salmon  Creek. 

alter  the  relative  position  of  either  machine,  and  can  be  quickly  rectified,  should  it 
occur,  by  guying  the  frame  back  to  a  vertical  position.  The  motors  used  for  this 
installation  are  the  ordinary  type  of  30-horsepower  inductive  motor,  e<iuipped  with 
special  end  shields  to  adapt  them  for  vertical  use.  The  oiling  is  accomplished  by 
means  of  centrifugal  force,  which  is  utilized  to  lift  the  oil  from  the  inside  periph- 
ery of  a  revolving  cup  to  the  top  of  the  bearings,  whence  it  returns  to  the  oil  cups 
through  oil  grooves  along  the  shaft.  The  motors  are  wound  for  a  potential  of  550 
volts,  and  as  the  transformers  at  these  points  can  be  connected  up  to  605  volts,  the 
effective  heating  overload  is  greatly  reduced. 

The  Kem  River  Company's  transmission  line  from  the  power  station 
at  the  mouth  of  Clear  Creek  to  Los  Angeles  would  be  105  miles  long, 
map  measurement,  and  108  miles  when  the  vertical  departures  are 
considered.  The  line  begins  at  an  elevation  of  2,450  feet,  and  its 
southern  terminal  at  Los  Angeles  is  350  feet  above  the  sea.  A  num- 
ber of  mountain  ranges  would  be  crossed,  but  a  large  proportion  of 
the  line  would  be  over  good  ground,  and  it  is  believed  that  the  highest 
elevation  reached  (6,500  feet,  at  Tehachapi)  will  offer  no  serious 
obstacles  to  a  daily  inspection  of  the  pole  line. 

A  reservoir  on  Salmon  Creek,  a  tributary  of  Kern  River,  is  planned 
by  the  Kem  River  Company  for  the  storage  of  47,000  acre-feet  of 


30 


KECONNAISSAKCE   OP   KEBV   BIVEB,  CAUSOBKIA. 


[wo-tl 


'wat«r.  AboDt  20,000  acres  can  be  made  tribntary  to  this  intake,  asnd 
it  IB  lioped  that  ^th  this  catchment  basin  and  the  precipitation  fnnt 
an  elevation  of  7,700  feet  on  this  divide  the  reservoir  will  sup- 
plement the  fiow  of  Kern  River  to  400  second-feet  daring  the  particu- 
lar season  ot  any  year  when  the  normal  flow  is  below  that  figtire. 
Fig.  8  is  a  cross  section  of  the  dam  sit«  on  Salmon  Creek.     It  is  in  a 


granite  canyon,  with  clean  t>ed  rock  on  bottom  and  sides.  The  width 
At  the  bottom  is  125  feet  between  walls;  the  top  width  at  the  75-foot 
level  would  be  300  feet,  A  rock-fill  dam  in  estimated  to  require  26,l.KX) 
cubic  yards  of  material  and  to  cost  880,000.' 

The  utilization  of  the  higher  readies  of  Kern   River  for  power 
purposes  will  certainly  be  accomplished  in  time,  but  for  the  present, 
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■  Snpplr,  by  J.  D.  Schuyler. 
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and  with  the  disincUtiatioD  of  electrical  en^Deere  to  recommend 
the  transmission  of  power  to  distances  greater  than  100  miles,  it  is 
doabtfol  whether  the  market  outside  of  Los  Angeles  will  warrant 
the  outlay;  and  the  latter  city  is  so  far  away  from  the  upper  river  as 


FiO.  l<J._PUn  of  dun  site  of  Kem-Buid  Electric  Powur  Company. 

to  preclude,  for  the  present  at  least,  supplying  it  with  power  from 
that  source. 

The  Kem-Rand  Electric  Power  Company,  of  Los  Angeles,  purposes 
to  construct  a  rock-fill  dam  on  the  South  Fork  of  Kern  River,  at 
Menache  Meadows,  and  aninitial  power  station  near  the  upper  end 
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of  South  Fork  Valley,  about  35  miles  farther  down  the  Btream.     At 
^^  lo-|        some    recent   geo- 

lo^cal  time  3Ie- 
nache  Meadows 
must  have  been  an 
immense  monntain 
lake.  A  dam  G5 
feet  high  would 
throw  the  water 
back  C  milea  from 
the  canyon  mouth, 
in  two  arms  ti  miles 
ajMrt.  A  dam  of 
that  height  would 
store  63,700  acre- 
feet  of  water  at  a 
mean  depth  of  18 
feet.  There  is  no 
question  that  in 
au  ordinary  year 
the  drainage  area 
tributary  to  the 
South  Fork  and 
above  the  Mead- 
ows (165  square 
miles)  would  fur- 
nish ample  stor-  ' 
age  water  for  this 
reservoir,  al- 
though it  is  prob- 
able that  in  a  sea- 
son like  that  of 
1899-1900  thei* 
would  be  a  short- 
age. There  is  no 
reliable  data  for 
determining  the 
minimnm  precipi- 
tation in  Menacbe 
3Ieadows,  for  gen- 
erally the  snows 
lie  so  deep  over 
the  mountains 
surrounding  the 
basin  as  to 
make     it    impene- 

trable  during  at   least  the   colder  half  <)f  the   year. 
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Capacity  of  Menache  Meadoups  reservoir  site. 


Height  above  base  of  dam. 


Feet. 

10 

20 

80 

40 

60 

80 

70 

80 

100 


Surface 
area. 


Acres. 


146 

813 

1.865 

3,254 
3,814 
4.420 
5,890 


Capacity. 


Acre-feet. 

110 

954 

4,563 

18,837 

4o.7au 

^,886 
105.296 
146.419 
248.852 


Fig.  9  is  a  plan  of  the  reservoir  site  of  the  Kern-Rand  Electric 
Power  Company  in  Menache  Meadows,  fig.  10  is  a  plan  of  the  dam 
site,  and  figs.  11,  12,  and  13  are  details  of  the  dam  proposed.  The 
material  at  the  dam  site  is  apparently  hard  granite,  overlain  with 
earth,  sand,  and  gravel.  The  dam  site  is  at  an  elevation  of  8,200  feet 
above  the  sea,  and  consequently  snow  and  frost  prevail  there  during 
the  winter  months.  There  is  no  wagon  road  to  the  dam  site,  and  the 
cost  of  making  one  would  add  very  materially  to  the  cost  of  the  dam. 
The  drainage  area  tributary  to  this  reservoir  being  all  above  an  eleva- 
tion of  8,200  feet,  naturally  has  the  greater  part  of  its  precipitation  in 
the  form  of  snow.  This  makes  the  run-off  an  uncertain  quantity,  and 
leaves  the  proper  height  for  the  dam  a  difficult  question  to  decide. 

Taking  all  of  these  considerations  into  account,  the  engineers  of 
the  company  were  led  to  select  a  loose  rock-fill  dam  faced  with  earth 
as  the  most  economical  and  serviceable  for  the  locality.  On  acc^ount 
of  the  possible  action  of  frost,  flatter  slopes  were  given  the  rock  faces 
than  are  absolutely  necessary  to  make  the  dam  heavy  enougli  to 
resist  the  water  pressure.  So  far  as  possible,  the  material  found  in 
the  immediate  vicinity  of  the  dam  will  be  used  in  its  construction, 
and  the  outlet,  gates,  and  connections  have  been  designed  so  that  all 
of  their  parts  can  easily  be  transported  on  mules  over  a  steep  moun- 
tain trail.  The  crest  of  the  dam  was  fixed  at  65  feet  above  the  nat- 
ural surface  of  the  ground  at  the  dam  site.  This  height  can,  howevx»r, 
be  increiised  to  95  feet,  if  it  is  found  that  a  larger  reservoir  capacity 
could  be  supplied,  at  a  proportionate  increase  in  cost.  It  is  proposed 
to  excavate  all  of  the  rock  required  in  the  construction  of  the  (hiin  on 
the  north  side,  forming  a  suitable  wasteway  in  tlie  solid  rock,  capable 
of  discharging  a  stream  of  water  100  feet  wide  and  9  feet  deep  at  a 
velocity  of  G  feet  pev  second — a  volume  of  5,400  cubic;  feet  per  second. 
As  each  foot  rise  of  water  over  tlie  bottom  of  the  wasteway  repre- 
sents about  5,000  acre-feet,  9  feet  rise  of  water  in  the  wasteway  would 
increase  the  volume  in  the  reservoir  to  45,000  acre-feet.  Hiis,  in 
addition  to  the  water  running  through  the  wasteway  and  outlet, 
would  make  more  than  50,000  acre-feet,  which,  if  it  all  caiiu*  in 
twenty-four  hours,  would  represent  a  run-off  of  about  5^  inches.     It 
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is  hflieved  thnt  n  wiisreway  of  this  size  n-oiild  make  the  dam  abso- 
liiU'ly  safe  against  any  pasHihility  of  the  water  ever  flowing  over  the 
top.     The  capacity  of  the  reservoir  witli  a  dam  65  feet  high,  as  now 


■If  Power  Corn- 


proposed,  would  Im"  (13,700  aere-feet ;  and  if  tlie  dam  were  raise<l  here- 
after to  a  height  <)f  t<5  feet  the  capacity  of  the  reservoir  would  be 
nearly  trebled. 


I>] 
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It  is  proposed  to  tiikp  the  water  from  the  reservoir  by  means  of  a 
lUDTiel  through  the  solid  rock  on  the  south  side  of  the  dam.  The 
masonrj-  or  concrete  tower  (see  figs,  11,  13,  and  13)  is  designed  as  an 
iiilpt  to  this  tunnel  and  to  aecommoilate  the  placing  of  the  gates  iu 


the  most  simple  and  economical  manner.  The  gates  are  so  simple 
and  so  easily  opened  and  closed  that  it  has  not  been  considered  nec- 
essary to  provide  for  their,  repair  under  a  full  head  of  water  in  the 
reservoir.     Fig.  1^,  however,  shows  a  simple  and  ecoivQ«.vls«.\. -^Nirs  <A 
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shutting  off  the  water  after  it  has  fallen  to  an  elevation  of  8,260  feet 
or  35  feet  above  the  base  of  the  dam.  This  would  prevent  the  neces 
sity  of  emptying  the  reservoir  for  the  purpose  of  making  repairs  t^ 
the  gates. 

Following  are  the  estimates  for  three  sizes  of  the  dam  proposed: 

Entiinate  of  coat  of  a  7o'fo*)t  dam  icith  slopen  1  to  1  and  |  to  1, 

Lfoose  rock,  73,000  cubic  yards;  or,  43,800  cubic  yards  solid 

at$1.50 $65,700.00 

Earth,  55,870  cubic  yards  at  $0. 25 13,967.50 

Extra  labor  on  5,000  cubic  yards  laid  by  hand,  at  $1 5, 000. 00 

Tunnel,  a'M)  feet  at  $12 '. 4,200.00 

Tower,  gates,  and  connections 15, 000. 00 

Guide  walls,  etc.,  at  waste  way 15,000.00 

118,867.50 
Engineering  and  contingencies,  1 0  per  cent 11, 686. 75 

Total 180,754.25 

Estimate  of  cost  of  7o-f(X)t  dam  with  slopes  1\  to  I  and  |  to  /. 

Loose  rock,  91,000  cubic  yards;  or  54,600  cubic  yards  solid 

at  $1.50 $81,900.00 

Earth,  55,870  cubic  yards  at  $0. 25 13.967.50 

Extra  labor  on  6,000  cubic  yards  laid  by  hand,  at  $1 6, 000. 00 

Tunnel,  350  feet  at  $12 4,200.00 

Tower,  gates,  and  connections 15, 000. 00 

Guide  walls,  etc. ,  at  wasteway 15, 000. 00 

136,067.50 
Engineering  and  contingencies,  10  per  cent 13, 606, 75 

Total 140,674.25 

Estimate  of  ?ost  of  O't-foof  dam  icith  slojJes  1  to  I  and  i  to  1, 

Loose  rock,  110,000  cul)ic  yards;  or  66,(MX)  cubic  yards  solid  at* 

$1.50 $99,000 

Earth,  70, 000  cubic  yards  at  $0.25 17,500 

Extralabor  on  7,000  cubic  yards,  at  $  I 7,000 

Tunnel,350feetat$12 4.200 

Tower,  gates,  and  connections,  with  bridge  to  tower 17, 000 

Guide  walls,  etc.,  at  wasteway 20, 000 

164, 700 
Engineering  and  contiuKencies,  10  per  cent 16, 470 

Total 181,170 

Thr  forct^oiu^  estimates  are  based  on  the  supposition  that  the  rock 
will  he  hard  enough  to  stand  vertically  around  the  tower  and  that  ih€ 
tunnel  will  not  need  lining. 

The  transmission  line  from  the  power  plant  in  see.  14:,  T.  25  S.,  R 
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35  E.,  M.  D.  M.,  to  Randsbnrg,  43  miles  distant,  would  he  over  as  fine 
a  country  for  a  pole  line  as  can  well  be  found — easy  slopes,  virtually 
unimproved  and  without  tree  growth.  With  very  few  exceptions  a 
wagon  could  be  driven,  without  road  work,  along  the  transmission 
line  from  the  power  plant  to  Randsburg.  The  highest  elevation 
reached  on  the  pole  line  would  be  at  Walkers  Pass,  5,320  feet  above 
sea  level,  and  at  that  point  the  snow  lasts  only  a  few  days  and  would 
never  interfere  with  the  regular  patrol  of  the  line. 

The  following  is  an  approximate  estimate  of  the  cost  of  generating 
and  transmitting  electric  current  from  the  South  Fork  power  house, 
for  a  deliver}' in  Randsburg  of  900  horsepower,  with  conduit  and  pole- 
line  capacity  for  450  additional  horsepower: 

Estimate  of  cost  of  generating  and  transmittiixg  electric  current  from  South  Fork 

poiver  house  to  Randsburg, 

Diversion  in  bed  rock  and  100  feet  of  rock  channel $4, 000 

Regulating  gate 1,000 

Riveted-steel  pipe,  8,000  feet  of  30-inch,  gage  No.  12,  at  $2.70.  21, 600 

Pipe  work  in  canyon,  8,000  feet 10,000 

Flume,  3,500  feet  at  $3 10,500 

Tunnel,  1,300  feet  at  $10 13.000 

Canal  in  earth,  3,000  feet,  with  concrete  lining 6, 750 

Canal  in  rock,  1,594  feet  at  $1.50  per  foot  run 2,391 

Siphon,  1.000  feet  at  $3 3.000 

Penstock,  4,000  feet  at  $4 16,000 

Water  wheels 3,000 

Power  houses,  two,  fireproof  6,000 

Wire  for  transmitting  current,  900  horsepower,  delivered  43 

miles 13,000 

Telephone 2,000 

Line  poles  (43  miles,  40  to  the  mile) ,  and  placing  same 20, 000 

Electric  machinery 30,000 

Distribution  of  current  at  Randsburg 5,000 

170, 241 
Continj^encies,  15  jier  cent 24. 536 

Total 1 195,777 

A  landslide  has  blocked  tlie  can3^on  and  created  a  lake  of  about  40 
acres  area  on  the  North  Fork  of  Kern  River  just  below  the  iiioutli  of 
AVhitney  Creek  and  above  the  mouth  of  the  Little  Kern.  This  lake, 
known  as  Kern  Lake,  the  California  State  engineering  department,  in 
its  investigations  of  the  Kern  River  drainage  basin,  has  considered  as  a 
possible  reservoir  site.  At  the  lower  end  of  the  lake  the  cliffs  tower 
almost  vertically  above  it  to  heights  ranging  from  2,0(X)  to  3,0()(>  feet, 
and  estimates  have  been  made  for  the  blasting  of  large  fragments  into 
the  dam  site,  forming  a  loose  rock-fill  dam.  The  capacity  of  the 
reservoir  at  the  220-foot  level  would  be  4:0,000  acre-feet.     The  State 
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engineering  department  considereil  the  i)os8ibility  of  paving  the  mass 
of  rock  thus  thrown  down  to  a  uniform  surface  and  covering  it  with 
asphalt.  The  width  of  the  canyon  at  the  site  is  only  100  feet  at  thf* 
lx)ttom  and  4(X)  feet  at  a  height  of  230  feet  alx)ve  tlie  stream  be<l. 
There  would  be  no  question  al30Ut  the  ability  of  the  drainajjre  basin 
to  fill  the  I'eservoir  annually,  and  if  it  is  possible  to  construct  sucli  a 
dam  at  this  place  the  site  probably  would  be  of  value  for  icpliMiish- 
ing  tlie  late  summer  flow  for  power  and  irrigation. 


RECONNAISSANCE  OF  YUBA   RIVER, 

CALIFORNIA. 


By  Marsden  Manson. 


WATER8HKD. 

Yuba  River  is  a  tributary  of  Feather  River,  whicli  it  enters  at  Marys- 
ville,  30  miles  above  its  mouth.  It  drains  about  1,357  square  miles 
of  the  western  slope  of  the  Sierra  Nevada,  comprising  portions  of 
Sierra,  Nevada,  Plumas,  and  Yuba  counties.  The  extreme  length 
of  the  watershed  is  about  00  miles,  the  extreme  width  30  miles.  In 
addition  to  the  length  given  there  are  about  11  miles  of  channel  in 
the  valley  between  the  foothills  and  Feather  River.  In  size  Yuba 
River  is  fourth  in  the  Sacramento  Valley.  Its  extreme  low- water  dis- 
charge is  about  360  cubic  feet  per  second,^  its  mean  winter  discharge 
1,500  cubic  feet  per  second,  and  its  flood  discharge  26,000  cubic 
feet  per  second.^  For  the  lower  10  nxiles  of  its  course  in  the  foot- 
hills the  river  is  greatly  clogged  with  debris  from  hydraulic-mining 
camps  (estimated  at  many  million  cubic  yards),  and  is  between  levees 
which  have  been  raised  from  year  to  year  to  meet  the  overflow  caused 
by  the  filling  up  of  the  area  between  them.  The  channel  of  the  river  in 
the  lower  foothills  has  been  filled  with  cobbles  and  gravel  to  a  depth  of 
more  than  100  feet.  (See  PI.  IV,  B, )  From  the  foothills  to  the  mouth 
of  the  river  at  Marysville  the  channel  is  over  a  surface  of  gravel, 
sand,  and  clay,  recently  built  up  from  the  mines  above.  The  chan- 
nels are  irregular  and  change  from  winter  to  winter  and  sometimes 
during  the  summer.  It  is  therefore  impracticable  to  establish  low- 
water  gaging  stations  which  would  serve  for  more  than  one  summer 
and  fall  and  which  would  be  suitable  for  winter  or  fiood-stage  gagings. 


>  This  is  not  as  small  as  the  natural  discharge  would  be.  The  larire  mining  companies— the 
South  Yuba  Canal  Company,  the  North  Bloomfleld  Qravel  and  Mining  Company,  the  Milton 
Excelsior  Water  and  Mining  Company,  the  Eureka  Lake  and  Yuba  Canal  Company,  and  others- 
store  large  volumes  of  water  during  the  winter  and  spring  months  for  use  during  i)crioil8  of  low 
water  in  the  late  summer  and  the  early  autumn. 

*  Extreme  flood  discharge  estimated  by  Mr.  Hubert  Vischer,  Asst.  Engr.,  U.  S.  Engrs.,  at 
125,000  cubic  feet  per  second.  H.  R.  Doc.  No.  431,  Fifty-sixth  Congress,  second  session,  p.  12. 

39 
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Tho  clianges  in  the  bottom  and  in  tlie  position  of  the  channel  are  so 
great  that  the  gagings  at  the  flood  stages  of  the  river  would  be  unsat- 
isfactory', and  if  undertaken  from  boats  would  be  highly  dangerous, 
if  not  impossible. 

The  drainage  basin  is  sulwlivided  into  five  small  basins,  namely, 
North  Fork,  with  a  drainage  area  of  491.0  square  miles;  Middle  Fork, 
with  a  drainage  area  of  218  square  miles;  South  Fork,  with  a  drain- 
age area  of  300  square  miles;  Deer  Creek,  with  a  drainage  area  of 
80.0  squai'e  miles;  and  Dry  Creek,  with  a  drainage  area  of  105.5  square 
miles.  In  addition  to  these  an  area  of  92.5  square  Iniles  drains  into 
the  main  stream  alxove  the  l()0-foot  contour.  Drj''  Creek  joins  Yuba 
River  from  the  north  just  as  it  leaves  the  foothills.  The  other  rtreams 
unite  in  the  mountains.     Tho  forks  are  perennial  in  flow,  but  the 

/'\ 

V  }      ,  ^i///^r4,^rj!^iiS^  11^  - \ 

}  Frenohtpwnji  ^  3^  \  ^^^^^^^L^  ^vi  I 

SC         TUpfH^S^^J^^ill.  ^^*Giry^^,    Gagmg  Staff 009: 

&n4»r)fS¥i/fe  I  V  ^^^  3  ^crM  fork  9bo¥9 Ynhm /^M^^m^^  f^ 

Flu.  H.— Mnp  of  YuKi  River,  sbowlnp  ItK^ation  of  eraginf;  stations. 

discharge  of  tin*  two  creeks  meutionod  (Deer  and  Dry)  becomes 
insignificant  in  the  late  summer  and  early  autumn. 

As  they  merge  into  the  valley  the  Sierra  foothills  have  an  elevation 
of  about  KXi  feet  above  tide.  The  walei'shed  rises  gently-,  in  rounde<l 
and  broken  mountains,  to  the  crest  of  the  Sierra,  which  at  the  head- 
waters of  the  Yuba  is  at  a  mean  elevation  of  about  8,200  feet,  with 
peaks  rising  to  a  height  of  'J,  100  feet.  From  Mount  Lincoln — a  peak 
common  to,  the  watcM'sheds  of  Yuba,  American,  and  Truckee  rivers— 
to  a  point  al>out  i?^  miles  northeast  of  Mount  Webl)er,  the  snmmit  of 
the  Sierra  divides  the  watershed  of  Yuba  River  from  that  of  Truckee 
lliver,  which  discharges  into  Humboldt  Basin.  Farther  north  from 
M(mnt  Webber  th<»re  is  a  secondary  ci*est  which  divides  the  water- 
sheds of  Yuba  an<l  Feather  rivers,  the  watei'shcHl  of  the  latter  stream 
rca(»hing  farther  east,  to  a  less  elevated  divide  in  which  the  passes 
a/v  lower  tliaii  those*  of  th(»  easterly  crest. 
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TOPOGRAPHY. 

The  western  and  lower  portions  of  the  drainage  area  are  composed' 
of  slates  and  kindred  rock,  very  much  eroded  and  merging  into  the 
gravel  and  alluvial  deposits  of  the  great  valley  of  California.  The 
upper  portions  of  the  basin  are  composed  principally  of  lavas  and 
granites,  all  deeply  eroded,  particularly  the  lavas.  Some  idea  of  the 
magnitude  of  the  erosion  may  be  obtained  when  it  is  considered  that 
it  has  required  at  least  4,000  (possibly  6,000)  cubic  miles  of  denuded 
materials  to  fill  the  great  valley  of  California  to  its  present  level,  and 
that  most  of  this  has  come  from  the  Sierra  Nevada. 

A  stratum  of  serpentine  traverses  the  watershed  of  Yuba  River  in 
a  direction  generally  parallel  with  the  crest  of  the  Sierra.  It  is  inter- 
sected by  the  North  Fork  at  Goodyears  Bar,  by  the  Middle  Fork 
near  Moores  Flat,  and  by  the  South  Fork  just  east  of  Washington, 
and  leaves  the  drainage  basin  of  the  Yuba,  passing  near  Towle  Sta- 
tion on  the  Central  Pacific  Railroad.  This  stratum  is  generally  softer 
and  more  easily  eroded  than  adjoining  strata,  and  through  it  the  can- 
3-ons  of  the  various  forks  are  upon  lighter  grades  than  immediately 
above  and  below,  and  they  generally  are  wider.  This  softer  material 
also  controls  the  loci  of  longer  and  more  deepl}-  eroded  tributaries, 
which  afford  approaches  to  the  main  canyons  for  roads  and  trails. 
This  stratum  is  of  further  interest  because  it  is  the  dividing  line 
between  the  auriferous  strata  in  the  watershed.  To  the  west  of  it  the 
mines  are  more  extensive,  the  occurrences  of  gold-bearing  rock  to  the 
east  being  irregular  and  difficult  to  trace. 

The  middle  and  upper  portions  of  the  watersheds  of  the  three  forks 
differ  materially.  The  North  Fork  rises  in  lavas  which  vary  much  in 
composition  and  hardness,  but  which  generally  afford  a  deep  soil  for 
timber  and  shrub  growth.  The  Middle  Fork  rises  in  similar  lavas 
and  in  granite.  The  mean  elevation  of  the  crest  of  the  Sierra  at  the 
head  of  these  forks  is  about  8,200  feet.  The  main  and  tributary 
streams  fall  rapidly,  and  their  canyons  head  well  up  in  the  mountains. 
The  sides  of  these  canyons  are  covered  with  timber  and  brush,  which, 
with  the  deep  soil,  retain  the  moisture  and  feed  numerous  peren- 
nial springs.  (See  PI.  V,  A,)  In  the  case  of  the  North  Fork  this 
is  particularly  noticeable.  The  forests  of  its  watershed  make  it  a 
reliable  and  constant  stream.  The  mean  annual  precipitation  upon 
the  watersheds  of  the  North  and  Middle  forks  is  about  54  inches. 
Warm  rains  on  soft  snow  sometimes  give  a  high  flood  run-off,  but 
snow  remains  on  the  higher  peaks  until  midsummer.  Reservoir  sites 
are  not  numerous;  they  will  be  mentioned  later.  The  headwaters  of 
the  South  Fork  lie  upon  a  broad  granite  surface,  into  which  the  streams 
liave  not  cut  deeply  until  the  main  stream  reaches  a  point  IG  miles 
from  the  summit,  where  it  drops  rapidly  into  a  deeply  eroded  canyon. 
The  eastern  or  ui)per  edge  of  the  drainage  area  has  a  mean  elevation 
about  the  same  as  the  other  forks,  but  the  6,000-foot  contour  is  about 
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20  miles  to  the  westward.  This  broad  surface  has  been  denuded  by 
glacial  action,  and  thi?  hanler  nature  of  the  granite  has  not  permitted 
a  deej)  soil  to  form.  The  area  is  therefore  less  heavily'  timbered  than 
the  drainage  areas  of  the  other  two  forks,  and  its  accessibility  has 
caused  it  to  suffer  more  severely  from  the  ax  of  the  lumbermau. 
This  topography  gives  a  brojider  and  more  gently  sloping  surface 
than  characterizes  the  headwaters  of  other  Sierra  Nevada  streams. 
The  surface  is  marked  l>y  nearly  100  glacial  lakelets  and  valleys, 
affording  many  excellent  reservoir  sites  which  have  been  or  are  being 
utilized.  This  elevated  watershed  receives  a  mean  annual  precipita- 
tion of  60  inches,  most  of  which  is  in  the  form  of  snow.  The  slow 
melting  of  the  snow  maintains  the  discharge  of  tributaries  until  June 
or  July,  which,  with  the  natural  and  artificial  reservoirs,  makes  the 
South  Fork  of  the  Yuba  a  highly  valuable  and  reliable  source  of 
water  supply. 

XATURAIi  STORAGE  OF  WATKR  IN  YUBA  RIVER  BASIN. 

Precipitation  upon  the  drainage  basin  of  Yuba  River  is  dependent 
upon  the  southerly  or  winter  extension  of  the  north  temperate  rain 
belt.  During  the  summer  months  the  more  northerly  position  of  this 
belt  leaves  California  in  the  comparatively  rainless  i*egion  between 
the  north  temperate  and  equatorial  rain  belts.  ITie  rains  and  snows, 
therefore,  fall  from  October  to  April,  with  little  or  no  rainfall  of 
moment  from  May  to  Septeml)er,  so  that  during  the  latter  months  the 
streams  depend  ui)on  either  natural  or  artificial  storage.  Natural 
storage  is  by  snow  and  the  slow  run-off  of  water  retained  in  afforested 
and  brush-covered  soils.  On  the  South  Fork  artificial  storage  has 
reached  a  very  effective  stage.  Tlie  precipitation  ranges  from  20 
inches  at  Marysville,  in  the  valley,  to  70  inches  at  the  summit  of  the 
Sierra.* 

Snow  storage  of  water  is  depended  on  during  the  latter  part  of  April 
and  into  July,  the  run-off  until  June  being  superabundant  for  all  pur- 
poses, but  in  July  it  begins  to  fall  below  the  necessities  of  dependent 
industries,  and  it  remains  below  until  the  autumnal  rains  occur.  Snow 
storage  has  been  made  a  subject  of  extended  observation  by  Mr. 
W.  F.  Englebright,  chief  engineer  of  the  South  Yuba  Canal  Company, 
through  whose  courtesy  the  writer  has  been  enabled  t,o  prepare  a  most 
instructive  diagram  of  the  accumulation,  depth,  and  rate  of  melting  of 
snow  at  Lake  Fordyce  (fig.  15).  This  lake  has  an  elevation  of  6,50i 
feet  above  tide  level,  and  is  in  a  region  over  which  the  annual  precipita- 
tion in  rain  and  melted  snow  is  70  inches.  Snow  begins  to  accumulate 
late  in  November,  and  reaches  its  maximum  depth  in  packed  snow  in 
March.  During  the  winter  months  the  lower  readings  on  the  gage  rod 
following  higher  readings  generally  indicate  a  packing  of  the  snow. 


1  These  figures  are  taken  from  a  map  proiiared,  under  the  writer's  direction,  for  the  California 
Water  and  Forest  Association,  showing  the  drainage  areas,  the  mean  annual  rainfaU«  and  the 
dJstribution  ot  forests  throughont  the  State. 
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Melting  begins  in  March  and  continues  quite  regularly  until  the  mid- 
dle of  June  or  early  July.  Short  storms  during  April  and  May  cause 
offsets  in  the  curve,  which  resumes  a  parallel  line.  A  series  of  cold  and 
heavy  storms  in  April,  189G,  caused  the  snow  to  last  until  July  6,  white 
the  clear,  warm  spring  of  1897  caused  it  to  disappear  on  June  7. 

During  the  latter  half  of  April,  by  means  of  daily  reports  by  tele- 
phone, Mr.  Englehright  is  enabled,  through  diagrams  upon  a  larger 
scale,  to  approximate  to  within  a  few  days  the  duration  of  the  snow 
supply  and  the  beginning  of  the  draft  on  the  reservoirs.  Data  and 
studies  of  this  kind  are  very  valuable,  and  suggest  the  importance  of 
stations  above  the  snow  line  as  a  means  of  determining  the  volume  of 
snow  storage  available  at  different  seasons  and  the  ratio  between  the 
volume  stored  by  snow  and  that  stored  by  reservoirs.  The  discharge 
of  the  streams  is  maintained  by  snow  during  the  spring  and  for  half  of 
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the  summer  months,  and  the  volume  and  rate  of  the  dischai^e  can  be 
foretold  with  reasonable  accuracy  by  daily  readings  of  gages  properly 
located. 

ARTIFICIAL  STORAGE  POSSIBIMTIES. 


The  natural  facilities  for  the  storage  of  -storm  waters  are  particu- 
larly favorable  in  the  upper  third  of  the  drainage  basin  of  the  South 
Fork.  The  demands  for  large  volumes  of  water  under  high  pressure 
to  operate  the  mines  in  the  middle  and  lower  portions  of  that  drain- 
age basin  and  those  on  Bear  and  American  rivers  were  met  by  the 
construction  of  large  and  expensive  canals  and  storage  reser\'oir8. 
Just  above  the  great  bend  north  of  the  head  of  Bear  River  and  at  the 
head  of  the  steep  canyon  of  the  South  Fork  is  a  broad,  flat,  glacial 
valley  which  has  been  converted  into  a  lake  by  the  construction  of  a 
stone  dam.  This  lake,  known  as  Lake  Spaulding  and  shown  in  PI. 
IV,  A,  has  a  capacity  of  270,000,000  cubic  feet,  and  is  the  lower  and 
controlling  reservoir  of  a  series  embracing  the  available  storage  and 
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supply  above.     This  supply-  is  derived  from  about  120  square  miles, 
upon  which  tho  mean  annual  precipitation  in  rain  and  melted  boot 
is  about  6  feet.     The  following  is  a  list  of  t.he  stor^w  reservoirs: 
Storage  resfrvoira  in  Yvba  River  Baain, 


,  EIsTmlloii.      Area.    I       Capwrily. 


rllni 


Peak  Lidces  (three)  .. 


Lorttaver 

Falloreek  Lkkeii  (all) . 

SpanldlDB 

Sommit  laka 

BearVkller 


Acrr. 

80 

l.ST^IMO.OOO 

8io.uau.ooD 

KK,0UD,0OO 

LETS.  mo.  000 
&,  MO,  000.  ran 

86,000.000 

i.detMXW.ou) 

£.125.  (DO,  mo 

l.SSS.glB.OOO 

I4fi,411,9» 


eSm 


a  RecordH  lost.  b  1,B31.£30J>3  caUo  fast. 

The  ai^regate  area  of  these  resen'oirti  \»  3.05  square  miles,  aod  the; 
are  filled  to  an  average  depth  of  22.5  feet,  thus  ^ving  storage  for 
about  12  per  cent  of  the  mean  annual  precipitation  upon  the  tribu- 
tary area,  the  remainder  going  to  waste  and  to  swell  the  floods  which 
devastate  the  valley.  It  is  possible,  by  raising  the  dams  and  enlarg- 
ing the  canals,  to  utilize  a  considerable  additional  portion  of  the  pre- 
cipitation. The  conditions -favorable  to  the  conservation  of  water  on 
the  upper  third  of  the  drainage  basin  of  the  South  Fork  are  far  greni^r 
than  in  the  lower  two-thir<ls  of  that  ba»iii  or  in  the  basin  of  the  other 
forks. 

On  the  upper  iwrtion  of  Canyon  (.'i-eek,  a  tributary  of  the  South 
Fork,  the  Eureka  Lake  and  Yuba  Canal  Company  and  the  Xorih 
IJloomfield  Gravel  and  Mining  Company  have  the  following  slorat'* 
I'cservoirs : 

.S/ortiiyc  rtseriiUr:s  uii  npiter  iKtrtioii  of  Canyou  Creek. 


'"f"'- U-ukI'l. 


ment       Capacity, 


■-  Srftiiv::; 

SOI.  11 
no.u 

SI 

iii.:i 

F^rl.       Fi 

i"i.n 

ill:;;; 

...       0.jM[ 

ii:,oua 

Cable  frtl.    , 

3.W.e30 

•Ul.Stl   ' 

iSSt;; 

:::::::: 

tba*«   dam* 
8,000 

jffisSS" 

3!S 

sr.;t 

"i'M 

M.n(>.iuo 

Eureka  Lkkc- - 

te'.s 

s6-'"b;«.V 

B.in, 

BOl.OW.OHi 

»:»»■■ 

l.M».»i.l«t 

;            1 



The  drainage  an-a   tributary  to  these   i-oservoirs  is   28,4   square 
miles,  ami  it  receives  «  total  pivciv>itatiou  during  au  average  year  uf 
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4,589,481,600  cubic  feet,  1,849,354,804  cubic  feet  of  which  is  stored,  or 
between  one-third  and  one-half  of  the  mean  annual  precipitation. 

On  the  Middle  Fork  there  are  no  reservoirs  storing  water  at  the 
present  time.  The  only  site  of  any  importance  is  that  of  the  Ruyard 
or  English  reservoir  (see  PI.  VI),  which  has  not  been  in  use  since 
the  failure  of  the  dam  in  June,  1883.  This  site  has  a  capacity  of 
650,000,000  cubic  feet.  Weaver  Lake  is  on  the  watershed  of  the  Mid- 
dle Yuba,  but  its  catchment  area  is  not  large  enough  to  fill  it,  so  it  is 
supplied  from  the  Eureka  Lake  and  Yuba  Canal  Company's  ditch 
from  Canyon  Creek,  a  tributary  of  the  South  Yuba,  and  is  included 
in  the  foregoing  list.  At  Milton  there  is  a  reservoir  site  with  an  esti- 
mated capacity  of  28,000,000  cubic  feet.  The  total  storage  capacity 
on  the  Middle  Yuba  may  be  considered  to  be  678,000,000  cubic  feet. 

On  the  North  Fork  are  the  dam  and  headworks  of  the  Browns  Val- 
ley Irrigation  District.  (See  PI.  VII.)  The  dam  is  a  well-built  crib 
structure,  ab6ut  167  feet  long  on  the  crest,  with  a  maximum  height  of 
37  feet.  The  head  gates  are  in  concrete.  For  several  miles  above 
the  dam  the  river  bed  is  covered  with  gravel,  sand,  and  cobbles  on  a 
grade  slightly  less  than  that  of  the  original  stream.  This  is  a  feature 
common  to  dams  upon  streams  carrying  mining  debris.  The  dam 
thus  acts  as  a  retaining  wall  as  well  as  an  overflow  weir.  Leakage 
through  the  debris  and  dam  is  slight.  The  head  gates  open  into  a 
flume  5  feet  by  7  feet,  on  a  grade  of  13  feet  to  the  mile,  and  built  to 
carry  300  second-feet  of  water.  The  greater  portion  of  the  water 
diverted  is  used  to  develop  power  at  the  Colgate  and  Browns  Valley 
power  stations  of  the  Bay  Counties  Power  Company,  lessees  of  the 
Browns  Valley  Irrigation  District  rights.  This  power  is  transmitted 
to  Marysville,  Oroville,  Wheatland,  Nevada  City,  Grass  Valley,  and 
Sacramento.  These  plants  are  synchronized  with  one  on  the  South 
Yuba,  about  7  miles  distant. 

On  the  North  Fork  there  are  the  following  small  lakes,  which  might 
be  developed  to  an  aggregate  storage  capacity  of  500,000,000  cubic 
feet: 

Reservoir  sites  on  the  North  Fork, 


Name  of  lake. 


Upper  Sardine 

Lower  Sardine 

Yountf  American 

Volcano 

Packer 

Saxonia 

Deer 

Upper  Salmon 

Lower  Salmon 

Hawley 

Si>encer  Lakes  (two) 

Sundry  small  lakes  (five,  not  named) 
DeadmanH 

Total 


Area. 

Acres. 
38.0 

40.0 

9.0 

2.5 

7.0 

2.5 

5.0 

30.0 

50.0 

U.O 

i«.0 

27.0 

3.0 

241.0 
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Assuiiiinj?  that  artificial  storage  on  the  North  Fork  and  the  Middle 
Fork  could  be  developed  to  a  capacity  equal  to  that  above  the  Lake 
Spauldinjr  dan),  there  would  then  be  in  service  an  area  of  6.8  square 
miles  with  water  at  an  average  depth  of  26.4  feet,  or  5y692yOOO,0iNj 
cubic  feet.  The  mean  annual  precipitation  in  the  drainage  basin  of 
Yuba  River  is  170,Sf>0,CK)0/K:M)  cubic  feet.  The  total  ultimate  artifi- 
cial storage  i.s  less  than  3.3  per  cent  of  this  precipitation,  and  could 
haiilly  be  i*ecognized  in  a  gaging  of  the  total  run-off.  Moreover,  iu 
the  storage  of  water  for  industrial  purposes  the  uncertainty  of  the 
character  of  the  seasonal  rainfall  makes  it  prudent  and  desirable  to 
permit  the  I'eservoirs  to  fill  during  the  earlier  rains,  and  not  leave  tlie 
husbanding  of  a  supply  to  possible  succeeding  rains.  Hence  it  gen- 
erally happens  that  when  the  heavy  storms  of  the  late  winter  and 
spring  months  occur  the  reservoirs  are  full  and  the  flood  wave  passes 
down  without  being  diminished  by  the  reservoirs.  This  is  also  true 
to  a  limited  extent  of  regions  al)ove  the  snow  line,  where  the  anmelted 
snow  constitutes  a  reservoir  of  far  greater  capacitj'  than  ordinarily  is 
obtained  by  building  dams.  It  happens  that  when  late  warm  rains  or 
rapid  melting  of  the  snows  occurs  the  reservoirs  are  already  full,  and 
consequently  do  not  diminish  the  flood  volume. 

It  would  appear,  therefore,  that  however  useful  artificial  resen'oirs 
are  for  domestic  and  industrial  purposes  they  can  not  be  relied  nx)on, 
except  under  unusual  conditions,  to  decrease  the  heights  of  late  win- 
ter and  spring  flooils,  and  we  must  look  elsewhere  for  a  solution  of 
that  problem. 

COMPARISON    OF    LOW-WATER    DISCHARGE    FROM   A    TIMBERED    AREA 
WITH  THAT  FROM   A  COMPARATIVELY  TREELESS  AREA. 

On  the  south  fork  of  the  North  Fork  is  a  watershed  area  of  130 
square  miles,  which  was  gaged  on  September  19,  1900,  after  three  suc- 
cessive seasons  of  deficient  rainfall,  and  gave  a  minimum  ran-off  of 
113  second-feet,  or  0.8  second-foot  per  square  mile.  This  area  is 
well  covered  with  timber  and  brush,  and  in  120  days  it  gives  a  mini- 
mum run-off  of  1,441,152,000  cubic  feet. 

The  draiimge  basin  of  the  North  Fork  is  more  heavily  timbered  than 
the  l)asins  of  tlie  other  forks,  and  consequently  it  has  a  deeper  soil, 
and,  although  only  one-tenth  of  the  total  drainage  area,  it  furnishes 
75  per  cent  of  tlie  low- water  flow  of  the  entire  drainage  basin  abo^'e 
Parks  Bar. 

On  the  south  fork  above  Lake  Spaulding  there  is  a  watershed  of 
120  square  miles,  which  has  heretofore  been  described  as  compara- 
tively barren  of  timber,  the  timbered  areas  which  once  existed  having 
been  denuded.  (See  PI.  VIII,  -.4.)  The  run-off  of  this  area  is  practi- 
cally nothing  for  120  days  of  the  year,  due  to  the  absence  of  forests  and 
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brush.  If  this  area  were  afforested  and  gave  a  minimum  run-off  of 
0.8  second- foot  per  square  mile,  the  discharge  would  be  100  second-feet, 
equivalent  to  an  effective  storage  capacity  of  1,036,800,000  cubic  feet. 
This  minimum  low- water  discharge  of  100  second-feet  for  120  days 
is  equivalent  to  more  than  half  the  storage  capacity  of  all  the  reser- 
voirs above  Lake  Spauldingdam,  which  aggregate  1,375,000,000  cubic 
feet.  As  the  basis  of  this  estimate  is  extreme  low-water  discharge, 
it  may  be  assumed  that  by  afforesting  the  watershed  this  costly  and 
extensive  system  of  reservoirs  could  safely  be  drawn  upon  for  double 
their  present  capacity.  As  what  is  true  of  portions  of  the  watershed 
is  true  of  the  watershed  as  a  whole,  aggregating  as  it  does  1,357 
square  miles,  the  value  of  afforesting  the  area  becomes  apparent. 

It  appears  to  the  writer  that  the  solution  of  the  problem  of  storage 
of  flood  waters  is  not  the  retention  of  a  small  percentage  of  the  storm 
waters  behind  dams,  but  the  application  of  storage  over  the  entire 
watershed  by  the  systematic  protection  and  extension  of  forest-cov- 
ered and  brush-covered  areas. 

DISCHARGE    MEASTTREMENTS    OF    YUBA    RIVER    AND    ITS 

TRIBUTARIES. 

The  accompanying  tables  of  low-water  discharge  measurements  of 
Yuba  River  and  its  forks  are  based  upon  observations  and  gagings 
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Pio.  10.— Cnrye  showing  relation  of  irage  height  to  discharge  of  Yuba  River. 


made  by  Mr.  H.  D.  H.  Connick,  under  the  direction  of  the  writer, 
during  the  months  of  June,  July,  August,  September,  and  October, 
1900.  The  precipitation  during  the  wet  season  preceding  these  gag- 
ings was  about  two-thirds  to  three-fourths  of  the  mean  annual  rain- 
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fall.     The  precipitation  during  the  two  preceding  wet  seasons  was 
still  further  below  the  normal. 

The  location  of  the  gaging  stations  is  shown  on  the  map,  fig.  U, 
page  40.  The  gagings  were  made  w^ith  a  large  Price  meter  furnished 
by  the  United  States  Geological  Surve3\  The  usual  method  was  pur- 
sued, namely,  the  cross  section  was  divided  into  subsections  of  5  feel 
each,  and  the  velocities  were  observed  for  three  minutes  for  each  foot 
of  depth.  The  integral  of  the  discharges  thus  ascertained  divided  bv 
the  total  ci'oss-sectional  area  dotermine<l  the  mean  velocity.  Tlif 
volumes  thus  determined  for  various  st^es  were  platt^  as  a  curw 
of  discharge,  using  gage  heighti^  and  discharges  as  ordinates,  from 
which  curve  intermediate  discharges  were  estimated  to  fill  out  the 
tables.     For  discharge  curves,  see  figs.  IC,  17,  and  18. 

Daily  dMdiarye  of  Yidni  River  at  Ptirka  Bar  Bridge  during  tlie  month  of  July, 

JOfXK 


Uage  height. 


1. 
o 

3. 
4. 
5. 

G. 

I . 

8. 

9. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Division  of  Hydrography, 
Washington^  D,  C,  March  i,  1901. 

Sir;  I  have  the  honor  to  transmit  herewith  a  manuscript  giving  the 
results  of  operations  at  various  river  stations  in  1900,  and  request 
that  it  be  published  in  the  series  of  Water-Supply  and  Irrigation 
Papers.  In  order  to  comply  with  the  law  limiting  these  papers  to 
100  pages,  it  is  necessary  to  divide  the  material.  This  has  been  done 
n  a  general  geographic  basis,  following  the  precedent  of  Water- 
Supply  Papers  Nos.  35  to  39,  relating  to  similar  operations  for  the 
year  1899.  In  the  first  paper  are  introductory  remarks  and  the  data 
relating  to  New  England  and  Eastern  streams.  The  succeeding 
papers  take  up  in  order  the  rivers  flowing  into  the  Atlantic  Ocean, 
then  those  tributary  to  the  Ohio  and  Mississippi  rivers,  the  Great 
Lakes,  Missouri  River  and  the  Rio  Grande,  the  interior  basin,  and 
finally  those  flowing  into  the  Pacific  Ocean,  from  north  to  south,  end- 
ing with  the  data  relating  to  the  streams  of  southern  California. 

The  general  conclusions  drawn  from  the  operations  at  the  river 
stations,  together  with  diagrams,  maps,  and  illustrations,  are  being 
prepared  for  publication  in  Part  IV  of  the  Twenty-second  Annual 
Report,  this  being  designed  to  be  in  form  and  substance  similar  to 
preceding  volumes  known  as  Part  IV  of  the  Eighteenth  to  the  Twenty- 
first  Annual  Reports. 

Very  respectfully, 

F.  H.  Newell, 

Hydrographer  in  Charge, 

Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  Survey. 
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OPERATIONS  AT  RIVER  STATIONS,  1900, 

PART  I. 


iT<rrROT)ucn^iox. 

The  following:  pages  contain  descriptions  of  the  river  stations  main- 
tained during  1900  by  the  United  States  Geological  Survey,  together 
'With  details  of  the  average  daily  height  of  the  water  and  results  of 
i3aeasureinents  of  discharge.  The  rating  tables  constructed  from  the 
^tter  and  applicable  in  general  for  the  calendar  year  will  be  given 
*t  the  end  of  the  publication.  Similar  facts  have  been  printed  for 
the  year  1899  in  Water-Supply  Papers  Nos.  35  to  39,  inclusive,  and 
^  general  description  of  the  method  of  publication  has  been  given  on 
t^^e  9  of  Paper  No.  35. 

ACKNOWLEDGMENTS. 

Most  of  the  measurements  herewith  presented  have  been  obtained 
through  local  hydrographere,  a  comparatively  small  part  of  the  work 
having  been  conducted  directly  from  the  office  of  the  Geological  Sur- 
rey at  Washington.  Acknowledgment  is  therefore  due  to  these  per- 
sons individually.  Thanks  should  also  be  extended  to  individuals 
«nd  corporations  who  have  cooperated  in  various  ways — by  furnish- 
ing readings  of  the  heights  of  water,  by  assisting  in  transportation, 
«tc.  The  following  list  gives  the  names  of  the  i*esident  hydrogra- 
phers  or  persons  cooperating,  arranged  alphabetically  by  States: 

California:  J.  B.  Lippincott,  civil  engineer,  Los  Angeles. 

Colorado:  A.  L.  Fellows,  civil  engineer,  Denver. 

Georgia  and  Alabama:  Prof.  B.  M.  Hall,  civil  engineer,  Atlanta;  Prof.  W.  S. 
Yeates,  State  geologist,  Atlanta;  and  Prof.  Eugene  A.  Smith,  State  geologist, 

Tnscaloosa. 

Idaho:  N.  S.  Dils,  civil  engineer.  Caldwell. 

Kansas:  W.  G.  Rnssell.  Rnssell. 

Maryland:  Prof.  W.  B.  Clark,  State  geologist,  Baltimore. 

Montana:  Prof.  Sainnel  For  tier,  Bozeman:  Prof.  Fred  D.  Smith,  liiasoola. 

Nebraska:  Prof.  O.  V.  P.  Stout,  State  University,  Lincoln,  assisted  by  Adna 
Dobson  and  Glenn  £.  Smith. 

Nevada:  L.  H.  Taylor,  civil  engineer,  Gtolconda. 

New  Mexico:  P.  E.  Harroun,  civil  engineer,  Albnqnerqne. 

North  and  South  Carolina:  Prof.  J.  A.  Holmes,  State  geologist,  Chai>el  Hill, 
North  Carolina,  assisted  by  E.  W.  Myers. 

Texas:  Prof.  Thomas  U.  Taylor,  State  University 

Utah:  Prof.  G^rge  L.  Swendsen,  Logau. 
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Virginia  and  West  Virginia:  Prof.  D.  C.  Humphreys,  Washington  and  LeeUni- 
yersity,  Liezington,  Virginia. 

Washington:  Sydney  Arnold,  civil  engineer.  North  Takima;  William  J.  Ware, 
civil  engineer.  Port  Angeles. 

Wyoming:  A.  J.  Parshall,  civil  engineer,  Cheyenna 

In  a  number  of  instances  related  data  have  been  inserted,  such  as 
results  of  computation  of  daily  flow  at  milldams  made  by  local 
engineers  and  data  of  river  heights  obtained  from  the  United  States 
Weather  Bureau  or  the  Corps  of  Engineer,  United  States  Army. 
Reference  to  these  facts,  mainly  unpublished,  has  been  or  will  be 
made  in  other  publications  of  this  Survey,  and  they  are  therefore 
placed  in  consecutive  order  for  convenience  of  reference. 

The  methods  of  measuring  the  discharge  of  various  streams  and  of 
preparing  the  computations  have  been  described  on  pages  18  to  30  of 
the  Nineteenth  Annual  Report,  Part  IV,  and  on  pages  20  t<o  22  of  the 
Twentieth  Annual  Report,  Part  IV. 

METHOD    OF  USING   STREAM    GAGINGS    FOR  THE    COMPUTATION 

OF  WATER  POWER.I 

One  of  the  objects  of  the  gagings  which  are  made  b3^  the  United 
States  Geological  Surv^ey  is  to  assist  engineers  in  the  estimation  of 
available  power  on  the  larger  streams  of  the  United  States.  In  an 
article  by  John  W.  Hays  in  the  Manufacturers  Record  of  Jannar)* 
10,  1901,  there  is  given  a  description  of  the  use  which  he  has  made  of 
the  daily  records  published  by  the  Survey.  The  suggestions  made  by 
Mr.  Hays  are  of  such  general  interest  that  they  are  given  herewith. 

Speaking  generally,  to  determine  the  power  available  on  any  stream 
it  is  necessary  to  know  the  fall  and  the  flow.  The  fall  can  easily  be 
determined  by  an  engineer,  but  the  flow  of  many  of  our  streams  i8 
still  very  uncertain.  Usually,  an  engineer,  after  obtaining  all  avail- 
able data  of  the  stream  l)eing  studied  and  also  of  the  neighboring 
streams,  must  rely  largely  upon  his  judgment  to  determine  maximum 
and  minimum  flows  and  the  power  that  can  economically  be  developed. 
Often  the  only  basis  of  estimate  is  the  knowledge  of  what  some  other 
stream  has  been  doing  within  a  limited  period,  or  a  comparison  with 
some  power  on  the  same  stream.  When  it  is  remembered  that  during 
extreme  low  water  a  variation  in  level  of  only  a  few  inches  may  affect 
the  quantity  of  water  passing  as  much  as  1 00  per  cent,  it  will  be  seen  how 
misleading  may  be  a  single  gage  or  float  measurement,  even  when 
reinforced  by  the  assurance  of  casual  observers  that  "the  river  is  at* 
low  as  it  ever  gets."  Yet  it  is  upon  such  data  that  many  estimates  of 
prospective  power  have  been  made,  mills  built,  and  machinery 
installed,  only  to  have  the  first  dry  season  show  conclusively  that  the 
estimates  were  greatly  in  error.  Then  has  followed  the  ralBing  of  the 
dam  for  storage,  which  has  rarely  met  expectations,  and,  after  maoy 
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shnt-downB,  the  inevitable  steam  auxiliary  comes,  and  with  it  regret, 
on  the  part  of  the  owners,  that  hydranlic  deVelopment  was  attempted. 
The  method  described  by  Mr,  Hays  in  the  article  referred  to  has 
been  used  in  computations  made  from  time  to  time  of  the  available 
power  of  the  Potomac  and  other  streams,  and  found  to  be  reliable  and 
Gonvenient.  Mr.  Hays  illustrates  thti  method  by  quoting  the  record 
of  Deep  River,  in  North  Carolina,  as  published  by  the  Geological  Sur- 
vey. The  various  stages  of  that  river  for  1899,  as  read  on  tlie  gage 
rf  the  Survey,  are  given  in  the  following  table: 

Dailpgage  height,  iu  feet,  of  Deep  River  at  Moncure,  North  CaroltTia,  for  tSU'.'. 


Feb. 

M«r. 

(68 

.lul)'.  Aog.  Sept.  Oat.   Nc 


As  will  be  seen  from  an  inspection  of  the  foregoing  table,  the  rec- 
srds  kept  by  the  Geological  Survey  show  the  stage  of  water  of  each 
stream  measnred  on  each  da.v  of  tlie  year,  and  the  rating  table,  which 
is  computed  from  numerous  measurements,  shows  the  ((uantity  of 
trater  passing  at  each  reading  of  the  gage.  These  datji  may  mont  con- 
veniently be  applied  by  developing  a  table  as  follows: 

In  the  first  column  arrange  in  order  all  graduations  of  the  gage  rod 
from  the  lowest  to  the  highest.  In  the  succeeding  columns  write  oppo- 
tite  each  gage  height  the  following:  (a)  The  number  of  days  during 
ihe  year  on  which  the  gage  read  that  particular  height;  {b)  the  equiv- 
ilent  volume  in  second-feet;  ('■)  the  effective  head ;  ((/)  the  equivalent 
rrosn  horsepower;  (e)  the  number  of  days  during  the  year  on  which 
power  would  have  been  lessened  by  low  water  and  by  high  water, 
respectively.  By  way  of  illustration:  The  gage  read  l.C  feet  on  17 
lays,  equivalent  to  a  volume  of  380  second-feet,  an  effective  head  of 
16.4  feet,  and  a  gross  horsepower  of  2,004,  which  would  be  lessened 
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on  121  days  by  deficient  water  and  on  327  days  by  hi^h  water  in  the 
tailrace.  If  the  g&^e  readings  at  Moncure  Htation  from  the  reoords  of 
the  year  1899  be  thus  assembled  and  the  variation  of  the  elTectin 
head  be  noted,  there  results  the  following  table: 

Tabic  thowing  method  of  determining  the  daily  availdbie  harwepower  of  a  ttrtm 
from  records  kept  fyy  the  United  Stale*  Qeolngicnl  Survej/,  uring  the  gage  JI«tgMi 
nf  Deep  River  tt  Moneare,  North  Carolina,  for  the  year  1899  aa  a  htuiu. 


Nnaber  of  d 

„  on 

.?».- 

Esfr 

IS- 

"H," 

Bt 

Sk 

"sc- 

power. 

ToUL 

Low 

High 

ToUl 

— 

nter. 

wabor. 

fwa. 

fl« 

\ 

!:iS 

lis 

1 

am 

30B 
31« 

33n 

a 

SB 
S3 

1 

'r 
- 

10,  Bin 

ii 

Is 

2h'0 

ai,(i 

us 

s 

3sa 

SB3 

aa 

5 

An  inspecUon  of  the  foregoing  table  will  show  lo  wbat  extent  auy  ' 
power  plant  wliich  might  have  been  installed  at  this  place  would 
have  been  afEccted  by  variations  in  the  flow  of  the  rivei'  during  the 
year  1899,  the  numlx'r  of  daya  on  which  the  power  would  have  been 
diminished  by  high  and  ](»w  water,  respeetively,  and  th<'  exact  amount 
of  such  diminution.  For  instance,  the  power  would  haA'e  varietl 
from  1,128  horsepower  gross  at  extreme  low  water  to  61,640  horse- 
power gross  at  extreme  high  water.  There  would  have  been  but  one 
day  on  which  1,232  horsepower  gross  could  not  have  been  realized, 
about  two  hundred  days  on  which  5,000  horsepower  gross  could  not 
have  been  realized,  and  Vwo  \\>ii\Avw\  «.w\  Mt^  days  on  which  10,000 
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horsepower  gross  could  not  have  been  realized.  All  of  these  figures 
are  for  continuous  power,  night  and  day.  Should  it  be  desired  to 
concentrate  flow  into  day  service  by  night  storage,  which  is  j^ractica- 
ble  at  Moncure,  the  installation  for  horsepower  should  be  doubled. 
For  instance,  10,000  horsepower  gross  would  have  been  realized  on  one 
hundred  days,  and  the  power  would  have  fallen  below  that  amount 
on  two  hundred  days. 

It  should  be  noted  that  the  foregoing  figures  are  based  on  a  head 
of  47  feet  normal,  with  which  head  little  inconvenience  would  be 
experienced  from  high  water,  the  maximum  flood  for  the  year  being 
about  25  feet,  and  on  only  nine  days  did  the  water  in  the  tailrace  rise 
above  15  feet  and  on  thirty  days  above  10  feet.  But  the  physical 
conditions  indicate  a  development  of  the  power  under  two  separate 
heads,  which  would  be  affected  by  flood  water  to  a  somewhat  greater 
degree,  as  will  be  seen  from  an  inspection  of  the  table.  Having 
accurate  knowledge  of  the  periods  of  decreased  head  and  j)artial  gate, 
it  is  possible  to  determine  the  capacity  of  the  wheels  for  any  required 
installation. 

Should  steam  auxiliary  be  required,  the  table  affords  the  data 
necessary  to  determine  the  exact  proportion  of  steam  power.  For 
example,  suppose  it  is  desired  to  install  a  plant  of  3,600  horsepower 
for  night  and  day  service,  during  what  proportion  of  the  year  will 
steam  power  be  required,  and  what  proportion  of  the  total  power 
desired  should  be  steam  power?  The  following  table  shows  the  way 
of  arriving  at  the  answer.  From  the  table  on  page  12  it  will  be  seen 
that  during  one  day  of  the  year  the  available  water  power  is  1,128 
horsepower;  so  that  to  insure  3,600  horsepower  every  day  in  the 
year  it  will  be  necessary  to  install  a  steam  plant  of  2,472  horsepower. 
During  twenty-seven  days  of  the  year  the  available  water  power  is 
1,232  horsepower,  and  on  those  days  2,268  horsepower  of  steam  will 
be  required,  and  so  on,  oh  shown  in  the  table. 

Table  shovring  number  of  days  and  amount  of  steam  power  required  during  tlie 
year  1899  to  develop  daily  Sydoo  horsepovxr  on  Deep  River  at  Moncure^  North 
Carolina. 


N  uinlxT  of  days 

on  which  water 

l>ower  of  the 
various  amoants 

Water  power 
available. 

steam  power 
required. 

was  available. 

Horsepower. 

Uortepotcer. 

1 

1,128 

2,472 

27 

1,232 

2,268 

48 

1,335 

2,265 

27 

1,544 

2,056 

18 

1,724 

1,876 

17 

1,995 

1,665 

9 

2,260 

1,340 

18 

2,530 

1,070 

8 

2,839 

761 

9 

8,192 

408 

9 

8,000 

0 
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Summarizing,  the  total  horsepower  days  (3,600x365)  are  1,314,000; 
the  total  steam  horsepower  days  are  325,743,  or  nearly  25  i>eroent, 
and  steam  power  would  have  been  required  on  177  days  of  the  year 
1899. 

For  conciseness,  the  factors  of  wheel  efficiency  and  partial  gate  are 
not  considered  in  this  estimate.  A  fair  rating  of  the  x)Ower  of  Deep 
River  at  this  place  would  be  1,500  horsepower  continuous,  or  3,000 
horsepower  for  day  flow  only,  on  a  basis  of  thirty  days'  deficiency  by 
reason  of  the  dry  season  and  thirty  days'  deficiency  when  the  head 
would  be  decreased  10  per  cent  or  more  by  flood  water  in  the  tailrace. 

In  the  article  referred  to  Mr.  Hays  also  shows,  basing  his  computa- 
tions upon  the  Geological  Survey  records,  that  while  in  ordinary  sea- 
sons, from  the  run-off  of  a  drainage  area  of  12  square  miles  on  Broad 
River  we  may  expect  1  horsepower  per  foot  of  fall  of  the  stream,  it 
will  require  the  run-off  from  a  drainage  area  of  60  square  miles  to  for- 
nish  1  horsepower  per  foot  of  fall  on  Neuse  River,  45  square  miles  on 
Cai>e  Fear,  Tar,  Deep,  and  Haw  rivers,  30  square  miles  on  Roanoke 
River,  20  square  miles  on  Yadkin  River,  15  square  miles  on  lower 
Catawba  River,  and  12  square  miles  on  upper  Catawba  and  French 
Broad  rivers. 

As  the  number  of  stations  on  any  one  stream  is  necessarily  limited, 
it  becomes  desirable  to  apply  the  data  obtained  at  one  iK>int  to  otto 
points  on  the  same  stream.  This  may  be  done  by  deteimining  the 
relative  drainage  areas.  It  should  be  noted,  however,  that  the  effi- 
ciency of  a  stream  increases  as  the  headwaters  are  approached.  Dw^ 
ing  the  dry  season  of  1897  Yadkin  River  had  nearly  33^  per  cent 
greater  efficiency  at  Salisbury  than  at  Norwood,  and  the  Catawba  had 
nearly  20  pi^r  cent  greater  efficiency  at  the  Catawba  station,  near 
Hickory,  North  Carolina,  than  it  had  at  Rockhill,  South  Carolina. 
Neuse  River  has  the  lowest  efficiency  of  any  stream  in  North  Caro- 
lina, its  drainage  ai-ea  lying  wholly  in  the  eastern  section  of  the  State, 
where  the  geological  formation  is  not  conducive  to  perennial  springs, 
and  during  the  dry  season  of  1897  the  run-off  for  that  river  at  Selma, 
North  Carolina,  was  only  15  per  cent  of  that  of  Broad  River  at  Gaff- 
ney,  South  Carolina,  for  the  same  drainage  area.  The  drainage  area 
of  the  latter  sti*eani  lies  wholly  in  the  mountains;  that  of  the  former 
stream  lies  in  the  lowlands.  In  the  year  1897  the  maximum  flood  of 
the  Neuse  was  105  times  its  minimum  flow,  while  the  maximum  flood 
of  the  Broad  was  only  24  times  its  minimum  flow.  These  two  streams 
are  excellent  illustrations  of  the  effect  of  physical  conditions  on  the 
efficiency  of  flow,  and  the  physical  conditions  are  almost  invariably 
such  as  to  give  greater  efficiency  as  the  headwaters  are  approached. 

A  knowledge  of  the  greatest  flood  volume  of  a  stream  is  most  essen- 
tial in  the  construction  of  hydraulic  works.  Experience  has  shown 
that  the  failure  of  dams  may  in  nearly  every  case  be  attributed  to 
lack  of  sufficient  knowledge  of  the  floods  which  they  will  be  required 
to  withstand.     In  this  respect  also  streams  are  very  dissimilar.    For 
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instance:  The  maximum  flood  of  the  Roanoke  in  1897  (gage  height 
of  28  feet  at  Neal,  North  Carolina)  was  about  7  second-feet  per  square 
mile.  In  the  same  year  Tar  River  gave  a  flood  discharge  of  6  second- 
feet,  Neuse  River  a  flood  discharge  of  7  second-feet,  Cape  Fear  River 
8  second-feet,  Yadkin  River  10  second-feet,  and  Broad  River  13 
second-feet,  while  the  Catawba  developed  a  flood  of  26  second-feet 
to  the  square  mile.  The  greatest  flood  ever  recorded  on  the  Cape 
Fear  at  Fayetteville,  North  Carolina,  was  a  gage  height  of  58  feet 
above  low  water  and  a  discharge  of  only  13  second-feet  per  square 
mile,  or  half  that  of  the  Catawba  in  1897. 

MEASUREMENT  OF  SEDIMENT.' 

» 

The  following  method  has  been  employed  for  measuring  the  amount 
of  sediment  held  in  suspension  by  streams  in  Arizona:  By  means  of 
a  small  bottle  attached  to  a  hollow  rod,  samples  were  taken  from  vari- 
ous parts  of  the  stream  and  collected  in  a  bucket.  After  thorough 
mixing,  the  water  in  the  bucket  represented  as  nearly  as  possible  the 
average  condition  of  the  water  flowing  in  the  stream.  A  measured 
quantity  of  this  water,  usually  100  cubic  centimeters,  was  placed  in 
a  tabular  graduate  of  glass  divided  into  cubic  centimeters.  Ordi- 
narily this  was  allowed  twenty-four  hours  to  settle,  but  if  longt^r  time 
was  required  for  thorough  settlement,  it  was  allowed.  The  clear  liquid 
was  then  decanted  and  rejected,  leaving  a  small  quantity  of  water 
with  the  sediment  in  the  bottom.  If  the  amount  of  sediment  was 
inconsiderable,  another  sample  was  added,  taken  on  the  day  following 
that  on  which  the  first  sample  was  procured,  and  after  settlement  it 
was  decanted  in  like  manner,  the  process  being  repeated  from  day  to 
day  until  a  sufficient  quantity  of  sediment  had  accumulated  to  make 
a  reading  on  the  scale  of  the  glass  graduate.  Under  ordinary  condi- 
tions, when  the  stream  was  not  in  flood,  it  sometimes  required  thirty 
days  to  accumulate  samples  which  would  show  2  or  3  cubic  centime- 
ters of  sediment,  but  at  times  of  fl(K)d  a  large  quantity  of  sediment  was 
sometimes  obtained  from  a  single  sample  of  100  cubic  centimeters,  in 
which  case  the  quantity  of  sediment  was  ascertained  by  rea^ling,  and 
a  new  determination  was  started  on  the  following  day.  The  total 
quantity  of  sediment  obtained  from  the  samples  or  series  of  samples 
was  divided  by  the  quantity  of  water  used  in  the  accumulation,  and 
a  ratio  was  thus  established  which  was  applied  to  the  total  a  olume 
flowing  in  the  river. 

It  was  found  that  the  mud  obtained  from  these  samples  was  of  a 
very  thin  consistency  and  contracted  greatly  upon  being  dried.  To 
determine  the  amount  of  this  contraction  for  Gila  River  water  a  num- 
ber of  laboratory  tests  were  made.  The  residue  was  dried  at  100°  C, 
and  the  dried  material  was  weighed,  its  specific  gravity  also  being 
determined.     As  might  be  expected,  the  results  of  these  tests  were  by 
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no  means  uniform,  but  the  mean  of  the  tests  made  indicated  about 
one  part  of  dry  matter  to  Glyq  parts  of  mud,  which  factor  has  been 
used  in  reducing  observations  of  this  kind.  In  other  words,  it  is 
assumed  that  after  complete  settlement  the  mud  in  the  bottom  of  the 
water  sample  consists  of  one  part  of  solid  matter  and  four  parts  of 
water. 

The  foregoing  method  requires  very  little  skill  and  time,  and  the 
apparatus  used  is  extremely  simple.  The  error  of  the  determinations 
lies  mainly  in  the  assumption  of  the  factor  used  in  reducing  the  mod 
to  solid  matter,  and  it  is  probably  considerable. 

Another  method  which  is  now  undergoing  test  is  as  follows:  Sam- 
ples of  water  are  obtained  in  the  manner  already  described,  and  » 
measured  quantity  is  poured  upon  an  ordinary  filter  paper  in  a  fun- 
nel and  is  filtered  iis  in  the  chemical  laboratory.  If  the  residue  is 
inconsiderable  the  process  is  repeati^d  until  a  measurable  quantity  of 
sediment  is  obtained,  which  is  dried  and  afterwards  is  weighed.  The 
reduction  is  made  in  the  same  way  as  in  the  first  method,  that  is,  the 
quantity  of  water  used  is  to  the  sediment  obtained  as  the  quantit}* 
of  water  flowing  in  the  stream  is  to  the  quantity  of  silt  carried  in 
suspension.  f 

This  method,  to  be  used  with  any  considerable  degree  of  accurac?, 
requires  the  use  of  a  pair  of  delicate  scales.  The  error  of  the  deter 
mination  (consists  partly  in  the  errors  of  observations,  which  would  be 
greater  than  by  the  first  method,  unless  great  skill  is  employed  in  the 
filtering  and  weighing  of  the  sediment,  but  chiefly  in  determining  or 
assuming  the  specific  gravity  of  the  silt  obtjiined,  as  it  is  volume  and 
not  weight  that  ordinarily  is  required.  It  is  believed,  however,  that 
where  the  necessary  instruments  and  skill  are  available  it  is  much 
more  accurate  than  the  first  method. 

The  method  of  estimating  the  turbidity  by  measurement  of  opaeitr 
is  inaccurate  in  any  country  where  the  water  is  stained  to  any  con- 
siderable degree  by  leaves  and  roots  with  which  it  comes  in  contact 
This  is  clearly  shown  by  the  writer's  experience  on  sluggish  rivers' 
in  Nicaragua,  notably  the  San  Francisco  and  Deseado  rivers.  On 
the  latter  stream  it  was  sometimes  desired  to  gage  the  river  in  the 
absence  of  the  electric  recording  apparatus,  but  attempts  to  do  this 
showed  that  it  was  impossible  to  observe  the  revolutions  of  the  meter 
more  than  6  inches  beneath  the  surface  of  the  stream,  owing  to  the 
opacity  of  the  water.  At  the  same  time  sediment  samples  were  settled 
and  accumulated  for  sixty  days  without  yielding  any  measurable 
quantity  of  solid  matter,  showing  that  the  water  was  free  from  sedi- 
ment, the  dense  opacity  being  caused  entirely  by  vegetable  stains  pro- 
duced by  the  leaves,  roots,  and  bark  of  the  dense  tropical  vegetation 
with  which  it  came  in  contact.  However,  vegetable  stains  and  sedi- 
ment are  seldom  found  in  considerable  degree  in  the  same  water,  to 
only  sluggish  waters  remain  long  enough  in  contact  with  TQfBtatfoi 
to  become  colored,  and  these  carry  but  little  sedim 
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cases  opacity  observations  can  profitably  be  used  by  carefully  noting 
the  true  canse  of  the  opacity. 

Mr.  Allen  Hazen,  member  American  Society  of  Civil  Engineers, 
after  reading  the  foregoing  description,  made  the  following  com- 
ments: 

Of  cotirse  the  aggregate  amonnt  of  sediment  carried  by  a  stream,  considered  with 
reference  to  its  tendency  to  fill  a  reservoir,  is  very  different  from  the  average 
amount  of  sediment  carried  by  the  water  from  a  waterworks  standpoint.  In  the 
first  case,  the  maximum  amount  of  sediment  occurs,  generally  speaking,  at  times 
of  nn^-ritnTiTn  discharge,  and,  for  most  streams  with  which  1  am  familiar,  so  large 
a  I>ercentage  of  the  sediment  as  to  be  practically  the  whole  of  it  would  be  carried 
by  the  water  in  floods  occupying  but  a  few  days  in  each  year.  The  average 
amount  of  sediment  in  the  water  taken  for  waterworks  purposes,  on  the  other 
hand,  represents  the  average  of  the  amounts  in  substantially  equal  volumes  of 
water  taken  from  the  stream  each  day  in  the  year.  In  comparing  different  streams 
with  one  another,  I  think  it  would  make  a  great  difference  which  method  was  used. 

The  statements  regarding  the  colors  of  the  waters  in  Nicaragua  are  of  great 
interest.  Of  course  color  is  an  element  of  disturbance  in  any  optical  method  of 
measuring  turbidity.  Computations  and  experiments  conducted  by  Mr.  Whipple 
and  myself  show,  however,  that  water  with  a  color  which  will  be  tolerated  as  a 
xnunicipal  supply,  or  which  is  capable  of  being  decolorized  at  a  reasonable  cost, 
is  not  so  highly  colored  as  to  affect  the  turbidity  reading  to  a  notable  extent.  The 
meet  deeply  colored  waters  with  which  I  have  had  exx>erience  have  not  much 
exceeded  2.00  on  the  platinum  scale.  The  waters  from  Nicaragua  referred  to  must 
have  had  colors  many  times  deex>er  than  this,  and  it  would  be  very  interesting  to 
have  accurate  determinations  of  their  colors  made. 

Mr.  Gteorge  W.  Fuller,  associate  member  of  the  American  Society  of 
Civil  Engineers,  made  the  following  comments  upon  the  methods 
described : 

The  determination  of  turbidity  is  a  very  important  matter  in  connection  with 
various  water  problems.  Various  methods  are  practiced  for  its  determination, 
and  thus  far  no  standard  method  obtains.  Apparently  the  "  standard  silica  solu- 
tion *'  is  going  to  accomplish  a  great  deal  in  this  direction.  Careful  studies  of  this 
method  are  now  being  made  at  New  Orleans,  and  the  results  are  very  promising. 
Messrs.  Whipple  and  Jackson  first  described  the  standard  silica  solution  method 
in  the  **  Technology  Quarterly,"  VoL  XII,  No.  4. 

The  method  used  by  Mr.  Davis  in  Arizona  was  tried  by  myself  at  Louisville  for 
sereral  months,  side  by  side  with  gravimetric  determinations.  It  was  found  that 
the  individual  results  were  quite  variable,  although  for  the  purpose  for  which  he 
used  them  the  method  is  probably  much  more  satisfactory  than  under  the  condi- 
tions to  which  it  was  put  in  getting  an  accurate  record  of  the  rapidly  changing 
Ohio  River  water. 

The  second  method  mentioned  by  Mr.  Davis  strikes  me  as  a  more  satisfactory 
one,  when  reasonable  facilities  are  available  for  carrying  it  out.  It  does  not 
appear  to  me  that  it  is  so  much  the  specific  gravity  of  the  sediment  as  the  per- 
centage of  voids  as  actually  found  in  the  bottom  of  the  reservoirs,  that  would 
materially  affect  the  correctness  of  the  estimates  as  to  volume.  This  method  has 
been  used  for  a  great  many  years  on  the  Missouri  and  Mississippi  rivei-s,  and  is 
described  in  the  European  text-books  on  water  analysis.  With  coarse-grained  tur- 
bidity it  seems  to  work  very  well,  and,  all  things  considered,  I  presume  that  as  a 
laboratory  method  it  is  entitled  to  high  rating. 

With  the  Ohio  River  water,  which  contains  a  considerable  percentage  of  very 
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fine  clay,  this  method  was  not  found  to  be  practicable,  as  the  clay  wonld 
through  a  dozen  or  more  thicknesses  of  the  finest  filter  paper,  to  say  nothing  of 
the  length  of  time  necessary  for  filtering  the  clay.  On  that  work  it  was  the  prac- 
tice to  determine  the  total  residue  on  evaporation  of  the  water  as  collected,  and 
then  of  the  filtrate  after  passing  the  water  through  a  Pasteur  filter.  The  sos- 
X>ended  matter  could  then  be  obtained  by  the  difference,  and  the  results  were 
quite  satisfactory  when  the  amount  of  sediment  was  not  too  low.  There  is  a  slight 
error  in  this  procedure,  due  to  the  Pasteur  filter  sometimes  absorbing  and  some- 
times giving  off  dissolved  substances.  Taking  everything  into  consideration,  the 
standard  silica  solution  seems  to  be  the  more  practicable  procedure  at  present 
for  routine  work,  especially  when  used  with  a  diaphanometer  (see  Technology 
Quarterly,  Vol.  XII,  No.  2) .  At  New  Orleans  this  method  is  being  depended  upoo 
very  largely,  although  the  weight  of  suspended  matter  is  being  determined  by  the 
same  method  as  at  Cincinnati,  as  frequently  as  time  allows,  in  order  to  establish 
the  ratio  between  the  silica  turbidity  and  the  weight  of  suspended  matter. 

There  are,  of  course,  many  instances  where  turbidity  and  dissolved  color  are  both 
present  in  the  same  water.  As  a  general  proposition,  however,  this  does  not  seem  to 
be  true,  as  the  very  highly  turbid  waters  below  the  glacial  drift  formation  do  not 
generally  contain  much  color.  Strictly  speaking,  however,  such  a  statement 
would  apply  only  to  large  rivers,  and  not  to  very  small  streams,  which  are  infln- 
enced  by  swamps.  On  the  other  hand,  those  streams  for  the  most  part  on  the 
drift  or  in  the  neighborhood  of  swamps,  and  which  are  highly  colored,  do  not,  as 
a  rule,  contain  sufficient  turbidity  to  justify  any  elaborate  records  of  the  sus- 
pended matter. 

In  future  years  the  amount  of  dissolved  vegetable  matter  giving  color  to  a 
water  is  bound  to  be  a  factor.  Information  upon  this  subject  is  very  desirable. 
As  suggested  by  Mr.  Hazen,  it  is  likely  that  this  matter  coxQd  best  be  handled  in 
the  field  by  a  graduated  color  scale  on  glass,  the  different  tints  or  depths  of  oolorto 
be  obtained  progressively  by  the  use  of  different  shades  of  color,  or  different  thick- 
nesses of  glass,  as  found  most  expedient. 

TESTS    TO    DETERMINE    THE   ACCURACY   OF    DISCHARGE    MEAS- 
UREMENTS  OF  NEW  YORK  STATE  CANALS  AND  FEEDERS.^ 

During  the  summer  of  1900  the  State  of  New  York  undertook  inves- 
tigations to  determine  the  flow,  seepage,  and  evaporation  of  its  canals. 
The  work  was  under  the  immediate  supervision  of  Mr.  E.  Kuiehling, 
member  American  Society  of  Civil  Engineers.  Careful  measurements 
were  made  by  means  of  floats  and  current  meters  at  various  pointaon 
the  Erie  Canal  and  its  branches.  After  completing  the  work  it  was 
thought  wise  to  investigate  the  methods  and  determine  the  accuracy 
of  the  measurements  taken.  These  special  experiments  were  made 
under  the  direction  of  Prof.  G.  S.  Williams,  in  charge  of  the  hydraulic 
laboratory  at  Cornell  University,  assisted  by  the  writer,  by  Mr.  W.  P. 
Boright,  civil  engineer,  and  by  members  of  the  senior  class  in  experi- 
mental hydraulics  at  the  university.  Float  and  meter  measurements 
were  made  in  the  flume  at  the  hydraulic  laboratory,  and  the  results 
were  compared  to  determine  the  variation  between  the  two  methods 
of  measurement.  It  is  thought  that  a  brief  description  of  the  general 
method  applied  and  of  the  results  obtained  will  be  of  interest  to 
engineers. 
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The  movement  of  water  in  canals  and  feeders  is  quite  different  from 
that  of  a  natural  stream.  This  difference  is  due  mainly  to  lockage 
and  to  irregular  feed  from  one  section  to  another,  which  cause  rapid 
fluctuations  of  the  surface  level  and  of  the  velocity — in  some  cases 
the  surface  level  dropped  several  inches  in  a  few  seconds  and  the 
velocity  increased  from  25  to  50  per  cent.  The  disturbance  of  the 
water  at  a  given  place  may  be  due  either  to  lockage  or  to  feed  at  one 
or  both  ends  of  the  section.  The  water  that  is  needed  in  a  lower  level 
should  be  passed  through  a  culvert-.  Ordinarily,  however,  it  is  passed 
through  the  lock  by  opening  one  or  more  valves  in  the  gates.  In  some 
cases  four  such  valves  are  opened  at  once  for  a  few  minutes,  but 
as  a  rule  only  one  is  opene<l  for  a  longer  time.  It  will  i-eadily  be 
seen,  then,  that  when  a  boat  is  passing  in  or  out  of  a  section  which  is 
being  gaged,  or  is  entering  or  leaving  short  adjacent  sections,  the 
water  in  that  section  is  in  a  very  disturbed  condition.  The  length  of 
time  required  for  it  to  return  to  a  normal  condition  after  one  of  these 
disturbances,  depends  to  some  extent  on  the  velocity  of  the  water. 
The  greater  the  velocity,  the  quicker  it  will  return  to  normal  condi- 
tion; for  very  low  velocities  it  requires  hours  to  quiet  down.  In  one 
case,  with  a  steady  gage,  it  was  impossible  to  obtain  a  single  gaging 
(which  required  only  five  minutes)  in  a  whole  day.  It  will  readily  be 
seen  that,  to  be  of  any  value,  discharge  measurements  under  such  con- 
ditions must  be  made  quickly.  Even  when  the  surface  did  not  fluc- 
tuate the  work  was  often  stopped  by  one  or  more  boats  passing  the 
place  of  measurement.  Instantaneous  measurements  of  discbarge 
and  a  continuous  record  of  surface  fluctuations  at  the  point  of  meas- 
urement are  desirable.  This  was  approximated  by  making  a  rod 
gaging  in  from  four  to  ten  minutes  and  reading  the  surfa<je  fluctua- 
tions every  thirty  to  sixty  seconds. 

Two  instruments  were  used  to  measui^e  the  velocity,  viz,  float  rods 
and  current  meter.  The  float  rods  used  were  1.90  inches  in  diameter, 
of  wood,  and  weighted  at  the  lower  end  with  iron  pipe  and  lea<l  of  the 
same  diameter,  so  as  to  float  upright.  By  adjusting  the  weight  at 
the  lower  end  the  immersed  length  of  the  rod  may  bear  any  ratio  to 
the  depth  of  the  water  in  which  it  floats.  If  the  immersed  length  is 
equal  to  the  depth,  the  »i)eed  or.  velocity  of  the  rod  is  very  nearly  that 
of  the  average  velocity  of  the  water  in  the  vertical  plane  in  which  the 
rod  moves.  On  account  of  the  action  of  the  wind  on  the  i)art  of 
the  rod  which  projected  above  the  surface  of  the  water,  that  part  of 
the  rod  was  limited  in  length  to  alx>ut  8  inches.  Extensions  of  the 
rod  were  used  when  the  depth  required  them. 

In  this  work  it  was  not  possible  to  have  the  depth  of  immersion  of 
the  rods  more  than  about  90  per  cent  of  the  depth  of  the  water,  on 
account  of  inequalities  in  the  bottoms  and  sides  of  the  canals.  Neither 
was  it  advisable  to  have  rods  of  many  lengths,  on  account  of  the  labor 
required  to  transi>ort  them  from  place  to  place.  Bods  of  three  lengths 
were  carried,  viz,  18,  40,  and  80  inches,  which,  with  a  set  of  exten- 
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sions  to  use  on  either  the  40-inch  or  the  80-inch  rods,  gave  five  lengtlis. 
From  these  were  selected  those  that  could  be  used  with  the  greatest 
depth  of  immersion  and  which  would  not  project  more  than  8  inches 
out  of  the  water.  The  discharge  of  the  channel  was  computed  from 
a  number  of  gagings  made  very  rapidly,  when  the  surface  fluctuated 
little,  with  different  depths  of  immersion.  It  is  very  desirable  that 
results  obtained  in  this  way  should  be  tested  by  comparing  them  with 
results  obtained  under  the  same  conditions  by  a  more  accurate  method 
of  measurement. 

Two  kinds  of  tests  were  made :  (1)  Rod  discharge  by  one  party  with 
rod  discharge  by  the  other  party,  and  rod  discharge  with  meter  dis- 
charge, made  on  the  canals  and  feeders  under  actual  conditions;  and 
(2)  rod  discharge  and  meter  discharge  with  discharge  over  standard 
weir,  made  in  the  hydraulic  laboratory  of  Cornell  University. 

The  discharge  of  the  Erie  Canal  at  Rochester  was  measured  simul- 
taneously with  rods  by  two  parties,  and  was  again  measured  simul- 
taneously with  rods  by  one  party  and  with  meter  by  another  party. 
At  Lockport  a  similar  comparison  of  rod  discharge  with  meter  dis- 
charge was  made.  Similar  comparisons  of  rod  discharge  with  rod 
discharge  and  of  rod  discharge  with  meter  discharge  were  made  on 
the  Black  River  Canal  at  Boonville  and  on  the  Glens  Falls  feeder  at 
Glens  Falls.  A  comparison  of  the  rod  measurements  of  one  party 
with  the  simultaneous  rod  measurements  of  the  other  party  will  show 
the  error  in  measuring  the  loss  of  water  between,  stations,  and  a  com- 
parison of  the  meter  measurements  made  on  the  canals  with  the  meter 
measurements  made  in  the  hydraulic  laboratory  at  Cornell  will  serve 
to  tie  together  the  two  sets  of  tests. 

The  common  method  of  measuring  discharge  with  a  current  meter, 
by  observing  the  velocity  at  many  points  in  a  cross  section,  could  not 
be  used  in  this  work  because  it  required  too  much  time.  Two  more 
rapid  methods  were  used,  viz,  the  six-tenths  method  and  the  integrat- 
ing method.  The  former  method  consists  in  making  a  single  observa- 
tion in  each  vertical  at  a  distance  from  the  surface  equal  to  six- tenths 
of  the  depth  of  the  water.  It  generally  gives,  as  do  the  float  rods,  the 
mean  velocity  in  a  vertical  in  one  observation.  The  integrating 
method  is  more  rapid  than  the  six-tenths  method,  but  it  is  not  so 
accurate.  It  consists  in  moving  the  meter  from  the  bottom  to  the 
surface  and  from  the  surface  to  the  bottom  several  times  while  it  is 
being  carried  from  one  side  of  the  channel  to  the  other.  In  this  work 
the  integrating  method  was  only  used  as  a  check  on  the  results 
obtained  by  the  six-tenths  method. 

The  current  meter  has  a  small  revolving  wheel  with  a  rate  of  motion 
proportional  to  the  velocity  of  the  water  in  which  it  is  held.  Being 
small,  one  observation  with  this  wheel  gives  the  mean  velocity  for 
only  a  few  square  inches,  and  it  is  necessary  to  hold  it  in  several 
places  in  a  vertical  in  order  to  get  the  mean  velocity  in  that  vertical, 


NEW   TOBK   STATE   CANALS   AND  FEEDERS.  21 

while  the  float  rods  give  the  mean  velocity  in  a  vertical  at  one  obser- 
vation. The  meter  will  give  the  velocity  at  any  point  in  the  depth ; 
the  rods  will  give  the  mean  velocity  only.  The  meter  can  also  be 
used  where  the  rods  can  not,  and  it  is  a  less  expensive  method  of 
measuring  discharge. 

The  laboratory  tests  cover  a  range  of  velocities  of  0.25,  0.50,  1,  and 
1.50  feet  per  second  for  channel  depths  of  7.5,  8.3,  and  9  feet,  and 
0.5,  1,  1.50,  and  2  feet  per  second  for  a  channel  depth  of  6  feet. 
Two  depths  of  immersion  were  used  with  each  velocity,  viz,  75  per 
cent  and  90  per  cent.  Every  velocity,  depth  of  channel,  and  depth  of 
immersion  found  in  the  field  work  could  not  be  duplicated  in  the  lab- 
oratory tests,  so  that  the  foregoing  range  covers  only  the  most  impor- 
tant cases.  The  laboratory  exjH^riments  were  made  in  the  same  way 
as  the  field  experiments,  using  the  same  lengths  of  run  and  the  same 
distance  from  the  point  of  starting  the  fioats  to  the  upper  chain. 

The  conditions  of  the  fiow  were  not  quite  the  same  in  the  field  tests 
as  in  the  laboratory  tests.  The  Lockport  comparison  was  made  in  a 
rock  cut,  with  nearly  vertical  rough  rock  sides  and  a  rough  bottom. 
The  meter  section  was  62.5  feet  wide,  8.5  to  9  feet  deep,  and  about 
700  feet  above  the  point  where  the  rod  measurements  were  made. 
The  section  where  the  rod  discharge  was  measured  was  65  feet  wide 
and  8.5  to  10  feet  deep.  There  was  undisturbed  flow  for  at  least  a 
half  mile  on  each  side  of  the  place  of  measurement.  The  Rochester 
comparisons  were  made  on  the  Rochester  Aqueduct,*  which  has  very 
smooth  and  nearly  vertical  sides.  The  width  was  43  feet,  the  depth 
7.5  feet.  The  flow  was  undisturbed  for  a  half  mile  above  the  point 
of  measurement,  but  there  was  a  very  sharp  curve  less  than  100  feet 
below  the  place  where  the  rods  were  used.  The  Boonville  compari- 
sons were  made  in  an  earth  cut  with  side  slopes  varying  so  as  to  make 
a  gradual  transition  from  the  flat  bottom  to  the  top.  The  surface 
width  was  43  feet,  the  greatest  depth  7.7  feet.  There  was  unob- 
structed flow  for  a  quarter  of  a  mile  above  the  point  of  measurement 
and  for  a  half  mile  below  it.  The  sections  where  the  Glens  Falls 
comparisons  were  made  have  nearly  vertical  sides.  The  width  is  32 
feet,  the  greatest  depth  6  feet.  There  is  a  bend  in  the  feeder  about 
100  feet  above  the  upper  section,  and  another  bend  about  1,000  feet 
below  the  lower  section.  The  meter  section  was  between  the  rod- 
measuring  sections,  75  to  100  feet  distant  from  them. 

The  Cornell  University  canal  has  vertical  sides  of  concrete  and  a 
concrete  bottom.  One  side  is  at  present  roughened  somewhat  on 
account  of  the  lining  being  cut  out  in  places  preparatory  to  its  repair. 
The  canal  is  16  feet  wide,  10  feet  deep,  and  415  feet  long,  with  a 
standard  sharp-crested  weir,  and  with  gates  at  the  upper  end  for 
admitting  water  and  at  the  lower  end  for  controlling  the  depth  of 
water  in  the  canal,  and  with  piezometers  and  gages  for  measuring 
accurately  the  head  on  the  weir  and  the  depth  of  water  in  the  canal. 
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The  discharge  of  the  weir  is  known  for  any  head  on  it,  so  that  a 
simple  measurement  of  the  head  gives  the  discharge  of  the  can&L 
The  discharge  can  then  be  measured  with  rods  or  current  meter  and 
compared  with  the  weir  dischai^,  and  thus  the  error  by  the  rods  or 
meter  be  determined.  The  weir  is  220  feet  above  the  point  where  the 
rod  measurements  were  made,  and  15  feet  below  it  are  baffleboards 
for  quieting  the  water.  About  70  feet  below  the  meter  section  is  a 
bulkhead,  and  at  the  side  of  it  are  two  rectangular  gates.  During 
the  experiments  the  water  passed  out  of  the  canal  through  two  hori- 
zontal slits  in  the  bulkhead,  used  to  secure  velocity  in  all  of  the 
water  section.  At  the  higher  velocities  some  water  passed  out  under 
one  of  these  gates.  The  width  of  the  Cornell  channel  was  only  from 
one-fourth  to  one-half  that  of  the  channels  in  which  the  field  com- 
parisons were  made.  At  Cornell  the  water  was  probably  moving  in  a 
more  disturbed  condition  than  in  the  canals  and  feeders.  The  retard- 
ing effect  of  bottom  and  sides  was  less  in  the  former  channel  than  in 
the  latter,  and  the  depth  of  water  and  the  area  of  the  channel  were 
measured  with  greater  accuracy  at  Cornell  than  on  the  canals. 

The  results  of  the  field  comparisons  are  given  in  the  following 
table: 

ResiUts  of  field  comparisons. 


Place. 

Date. 

• 

V'r. 

Vr. 

F^et 

1.440 

.704 

QUA 

.890 
.813 
.850 
.836 
.6fl0 
.610 

Vm. 

Q'r. 

Q*r. 

Qm. 

inQT. 

Qmin 
Q'r. 

Lockport 

1900. 

Sept.  14 

Sept.aO 

Sept.  21 

do ... 

Feet 

Feet. 

1.531 

.796 

.929 
.«89 

"i."67»" 
1.111 

Cu.ft. 
pereec. 

'297.'82" 

227.'^* 

164.73' 
149.66 

Cu.ft 

per$ec 

906.70 

285.12 

a02.04 

301.36 

307.06 

227.61 

238.81 

233.64 

172.77 

158.57 

Cu.ft. 

per  tec 

799.85 

251.57 

3i6.83 

;n7.64 

2S8. 66 
234.70 
161.50 
155.23 

PercL 

Feret. 

Feret. 

+0.iS 

RocheMter 

—7.00 

Do 

-1.41 

.-,.  — 

Do 

—3.14 

Do 

do... 

Sept.  25 
do... 

I'm 

.766 

—3.  IB 

Boonville 

—  .18 

Do 

+4.25 
—  .10 

Do 

....do... 

Oct.     8 

....do... 

Olons  Falls 

Do 

^.88 
-S.92 

+1.94 
-41.72 

+«.;"iS 
+1U 

V'r  =>meaii  velocity  found  by  party  No.  1,  with  rods. 
V"r=mean  velocity  foand  by  party  No.  2,  with  rods. 
Vm=mean  veloc>ity  found  with  meter,  using:  six-tenths  method. 
Q'r  =idischarflre  found  by  party  No.  1,  with  rods. 
Q"r=»di8charg«  found  by  party  No.  2,  with  rods. 
Qm  =*di8Gharge  found  With  meter,  uslnfr  six-tenths  method. 

In  the  Lockport  and  Glens  Falls  comparisons  the  meter  was  sns- 
pended  from  a  bridge  by  means  of  an  insulated  wire.  In  the  Roches- 
ter and  Boonville  comparisons  it  was  suspended  from  a  boat  by  means 
of  the  same  wire.  Tlio  conditions  were  very  good  during  the  Lock- 
port  comparisons.  There  was  very  little  wind,  the  surface  did  not 
fluctuate,  there  was  a  good  measurable  velocity  in  all  parts  of  the 
cross  sections,  and  no  curve  near  to  disturb  the  direct  flow  of  the 
water.  The  meter  discharge  will  be  seen  to  agree  closely  with  the  rod 
discharge. 
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The  conditions  were  not  so  good  in  the  Rochester  comparisons. 
The  lower  gaging  station  was  too  near  a  curve  in  the  canal.  The 
time  of  ran  of  the  individual  rods  at  the  saine  point  differs  by  a  con- 
siderable amount,  much  more  than  at  the  upper  station.  On  the 
afternoon  of  September  20  the  surface  did  not  fluctuate  much,  but 
rain  interfered  somewhat  with  the  work.  The  meter  discharge  for 
that  day  is  7  per  cent  greater  than  the  corresponding  roil  discharge. 
The  next  day,  September  21,  the  surface  fluctuated  somewhat,  but 
not  more  than  while  much  of  the  regular  gaging  work  was  being 
done.  The  rod  discharge  measurements  for  that  day  differ  by  1.41  per 
cent,  and  the  average  meter  discharge  is  larger  than  the  rod  discharge 
by  3.3  percent. 

At  Boonville  the  conditions  were  all  good.  The  rod  discharges 
agree  closely,  as  does  one  of  the  meter  measurements  with  the  corre- 
sponding rod  measurement. 

The  Glens  Falls  comparisons  are  not  very  goo<l — the  upper  gaging 
station  was  too  near  a  curve,  and  there  was  a  strong  probability  of 
leakage  from  the  feeder  between  the  points  where  the  rod  measure- 
ments were  made.  There  wjis  no  leakage  visible  on  the  surface,  but 
the  point  where  the  measurements  were  made  is  only  a  short  distance 
below  the  portion  of  the  feeder  which  is  noted  for  its  large  leakage, 
so  that  there  probably  was  some  leakage  here,  although  it  does  not 
8how  on  the  surface. 

For  the  reasons  stated  we  believe  that  the  results  of  the  Glens 
Falls  comparisons  should  be  given  little  weight,  and  that  those  at 
Rochester  should  be  given  only  half  the  weight  of  those  at  Lockport 
and  Boonville. 

Results  of  experiments  at  Cornell  hydraulic  laboratory.^ 


Date. 


Rod  (faKin(^  in  canal. 


Referred 
tOHtand- 
ard  weir. 


1900. 
Octobers! 

Do 

Do 

Do 

October  26 

Do 

Octobers? 

Do 

Do 

Do 

Do 

Do 

October  31 

Do 

October  29 

November  1 


Depth  of 
water. 


Immersion, 75  jwr 


cent. 


Cu.ft. 

per  «rc. 

Fevt. 

214.0 

».:m 

140.5 

0.25 

71.7 

0.34 

:«.2 

8.81 

178.  ft 

7.54 

125.3 

7.55 

61.3 

7.47 

30.  tt 

7.38 

106.4 

6.16 

l.t2.4 

6.30 

01.1 

6.23 

50.3 

5.85 

198.3 

8.37 

125.3 

8.30 

65.4 

8.37 

31.1 

8.26 

Veloc- 
ity. 


Ft.  per 

1.42 

.96 

.40 

.28 

1.51 

1.08 

.5!) 

.27 

2.07 

1.35 

.95 

.56 

.54 

.96 

.51 

.25 


1 


DiH- 
chargre. 


Cu.ft. 

pfrsfC. 

213.8 

14:1.0 

73.5 

30.1 

183.1 

131.0 

63.7 

31.6 

204.7 


136.7 


4 
2 


05. 

52. 
201.9 
129.1 

68.8 

33.1 


Immersion,  90  per 

cent. 

Veloc- 

Dis- 

ity. 
Ft.  per 

charge. 

Cu.ft. 

ace. 

per  sec. 

0.05 

141.0 

.48 

71.4 

.27 

:*<.6 

1.53 

1H4.8 

l.OII 

128.3 

.52 

62.5 

.26 

:»).3 

2.04 

2re.4 

1.34 

i:J5.8 

.94 

01.5 

.55 

51.6 

1.51 

202. 4 

.50 

67.3 

.24 

32.1 

>  A  recoxnpatation  of  this  data  ^ve  resultH  slightly  different  from  those  contained  in  this 
report. 
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BemiU  of  Gcperimenlg  at  Cornell  hydraulie  laboratory — Continaed. 


Small  Price  moli 


AnatrtJcsL         Gnphkal 


TelDC-     Die-   ! 


I  ted  br  dUtereot 


sr  "a'- 


Iat«- 
tnitlnj 


Oldt 
Ordi-       "^^ 


le  dbcharRe  is  gniaier  tlua  that  hj  xtuidkrd  wetr;  plu 


Referring  to  tlie  Rochester  comparisonu,  it  must  not  be  inferred 
that  becau.se  the  rod  dtschai^s  found  by  the  two  parties  on  Sep- 
tember 21  agree  closely,  and  the  meter  and  rod  discharges  of  the 
20tb  differ  by  7  per  cent  of  the  rod  discharge,  that  this  differonce  is 
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ftll  due  to  the  meter.  At  least  half  of  it  is  chargeable  to  the  rod 
measiiremeiit.  The  two  sets  of  velocity  readings  given  by  the  meter 
311  the  20th  agree  closely;  there  is  nothing  about  them  that  will 
EM^count  for  this  large  difference.  The  time  of  run  of  the  rods,  how- 
ever, differs  by  a  considerable  amount,  as  already  stated.  The  rod- 
measuring  party  was  hindered  by  the  rain  and  by  the  refusal  of  one 
of  the  men  to  work  in  the  rain. 

The  results  of  the  experiment  work  are  given  in  the  foregoing 
tel>les.    The  method  of  procedure  was  to  open  the  head  gates  until 
the  head  on  the  weir  was  such  as  to  give  the  desired  discharge;  then 
tlie  slits  in  the  bulkhead  and  the  height  of  the  gates  at  the  lower 
end  of  the  canal  were  adjusted  so  as  to  give  the  desired  depth  of 
"water  in  the  canal.     As  soon  as  the  flow  of  water  became  steady,  three 
parties  began  measuring  the  discharge  of  the  canal,  one  with  rods  and 
irwowith  current  meters.     Two  lots  of  rods  were  used,  one  lot  of  75 
'per  cent  depth  of  immersion,  the  other  lot  of  90  per  cent  depth  of 
immersion ;  the  former  rods  were  lettered,  the  latter  rods  were  num- 
1)ered,  so  that  they  could  easily  be  recognized  as  they  passed  under 
each  wire.     One  of  the  current-meter  parties  measured  the  discharge 
in  the  ordinary  way;  the  other  party  used  the  six- tenths  and  the  inte- 
grating methods,  and    after  completing  their  measurements  they 
assisted  the  rod-measuring  party,  four  stop  watches  being  then  em- 
ployed and  the  number  of  rods  observed  in  a  given  time  being  nearly 
doubled.     The  rod  work  was  continued  until  the  other  meter  party 
completed  its  measurement.     During  the  experiment  a  gage  giving 
the  head  on  the  weir  and  two  gages  giving  the  depth  of  water  in  the 
canal  and  the  slope  of  the  water  surface,  respectively,  were  read  every  30 
seconds.     As  a  check  on  the  weir  gages  and  canal  gage  readings  other 
readings  were  taken  with  a  hook  gage  several  times  during  the  experi- 
ment.    The  length  of  run  of  the  rods,  or  the  distance  between  the 
chains  was  as  follows:  25  feet  for  the  2- foot  velocity,  with  a  starting 
distance  of  10  feet;  20  feet  for  the  1-foot  and  the  1.5-foot  velocities, 
with  a  10-foot  starting  run;  10  feet  for  the  0.5-foot  velocity,  with  a 
10-foot  starting  run;  and  7  feet  for  the  0.25-foot  velocity,  with  an 
8-foot  starting  run.     The  number  of   rod  observations  made  in  an 
experiment  varied  from  50  to  150.     The  observations  of  each  rod-dis- 
charge experiment  were  platted,  using  the  distance  from  the  side  of 
the  canal  as  abscissa  and  the  time  of  run  as  ordinate,  and  a  mean 
time  curve  was  drawn.     The  mean  time  was  found  from  this  curve, 
and  from  that  the  mean  velocity,  which  multiplied  by  the  cross-sec- 
tional area  gave  the  discharge. 

In  the  six- tenths  method  the  meter  was  held  with  its  center  at  six- 
tenths  of  the  depth  from  the  surface,  and,  successively,  at  1,  3,  7,  9, 
13,  and  15  feet  from  one  side  of  the  canal,  and  the  revolutions  in  two 
eonsecutive  periods  of  50  seconds  each  were  counted  from  the  indica- 
tfons  of  an  electric  buzzer.  The  meter  was  then  held  at  the  same  dis- 
k|miw  from  the  other  side  of  the  canal,  and  the  revolutions  in  two 
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consecutive  50-8econd  periods  were  counted  as  before.  These  obser- 
vations gave  four  measurements  of  velocity,  covering  a  period  of  50 
seconds  each,  in  these  six  verticals,  at  six-tenths  of  the  depth  below 
the  surface.  These  points  were  platted,  using  the  distance  from 
the  side  of  the  canal  as  abscissa  and  the  revolutions  in  100  seconds  as 
ordinate,  and  a  mean  curve  was  drawn.  The  mean  number  of  revo- 
lutions for  the  whole  cross  section  was  computed  from  this  curve  and 
converted  into  mean  velocity  by  the  use  of  a  rating  table.  The  dis- 
charge was  then  found  by  multiplying  the  mean  velocity  by  thecross- 
nectional  area.  The  discharge  was  also  found,  analytically,  withoot 
platting  the  points  and  drawing  a  mean  curve.  The  difference 
between  the  weir  discharge  and  the  meter  discharge,  expressed  in  per 
cent,  as  found  by  these  two  processes,  is  given  in  the  table  on  page 
24.  As  a  rule,  the  discharge  found  by  using  the  curve  is  more  acen- 
rate  than  that  found  without  it. 

In  the  integrating  method  the  meter  was  moved  in  the  following 
way:  Its  center  started  at  0.5  foot  from  the  bottom  and  1  foot  from 
the  side  of  the  canal,  and  passed  slowly  to  the  surface  at  4.5  feet  from 
the  side,  then  to  0.5  foot  from  the  bottom  and  8  feet  from  the  side; 
then  to  the  surface  at  11.5  feet  from  the  side,  then  to  0.5  foot  from 
the  bottom  and  15  feet  from  the  side.  The  time  at  the  beginning  and 
end  of  this  oi)eration  was  noted,  and  the  revolutions  of  the  meter  wheel 
were  counted,  as  indicated  by  the  buzzer.  The  meter  was  then  car- 
ried back  over  the  same  path  at  about  the  same  speed,  the  time  of 
passage  being  noted  and  the  revolutions  of  the  meter  wheel  counted 
as  before.  The  discharge  was  computed  by  dividing  the  sum  of  the 
revolutions  of  the  meter  wheel  in  the  passage  across  the  canal  and 
back  again  by  the  corresponding  time,  converting  this  into  velocity 
and  multiplying  by  the  cross-sectional  area. 

In  the  ordinary  method  the  meter  was  held  by  a  rod  at  five  points 
in  the  same  six  verticals  in  which  the  other  meter  was  held,  and  the 
number  of  revolutions  of  the  meter  wheel,  in  single  periods  of  60  sec- 
onds each,  were  read  from  a  recorder.  The  points  in  the  verticals  were 
usually  1 J  inches,  1  foot,  and  2  feet  from  the  bottom,  the  surface,  and  ai 
one  other  point  between  th(^  two.  The  recorder  indicated  only  com- 
plete revolutions,  while  with  the  buzzer  quarters  of  a  revolution  could 
be  recognized.  The  mean  velocity  shown  by  the  observations  with 
this  meter  has  been  computed  in  two  ways:  (1)  The  mean  number  of 
revolutions  per  second  of  the  meter  wheel  while  being  moved  from  one 
side  of  the  vnnal  to  the  other,  at  the  live  depths  of  immersion,  have 
been  computed  and  platted  and  a  curve  drawn  through  them,  from 
which  the  mean  number  of  revolutions  piu*  second  for  the  whole  cross 
section  has  l)een  found,  and  this  converted  into  mean  velocity  by  the 
use  of  the  rating  table;  and  (2)  the  mean  velocity  has  been  computed 
by  using  with  these  observations  the  observations  obtained  at  the 
same  time  with  the  other  meter,  using  the  six-tenths  method,  the 
mean  revolutions  per  second  at  the  different  depths  being  converted 
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into  velocity  and  platted  on  a  large  scale,  the  velocity  at  six-tenths 
the  depth  being  platted  therewith  and  a  mean  velocity  curve  drawn 
among  the  points  (not  necessarily  connecting  them),  from  which  the 
mean  velocity  for  the  whole  cross  section  was  found.  The  discharge 
fonnd  from  the  mean  velocity  computed  in  the  latter  way  is  given 
in  the  table  on  page  24,  also  the  velocity  found  by  the  ordinary  method. 

Meter  No.  361  used  in  the  ordinary  way  did  not  work  well  on 
November  1.  The  wheel  did  not  turn  continuously  for  the  small 
velocity  0.220  foot  per  second,  but  would  stop  for  a  few  seconds 
and  then  start  again.  The  other  meter  (No.  3(53)  worked  much  better 
for  the  same  velocity.  The  rating  tables,  however,  indicate  that  the 
latter  meter  will  measure  a  smaller  velocity  than  the  former.  It 
should  be  said  that  the  rating  table  for  meter  No.  351,  which  was  used 
to  convert  revolutions  into  velocity,  is  for  the  meter  suspended  by  a 
cable  and  not  held  by  a  rod.  There  was  not  sufficient  time  to  rate  it 
on  a  rod  before  making  the  computations. 

In  the  table  on  pages  23  and  24  two  value^i  of  depths  are  given ;  the 
one  in  the  third  column  on  page  23  is  the  mean  depth  for  the  40  feet 
of  distance  passed  over  by  the  rods,  the  other  (thinl  column,  top  of 
X>age  24)  is  the  mean  depth  at  the  meter  station,  and  is  for  a  distance 
of  15  feet.  Two  values  of  discharge  of  the  standard  weir  are  given  for 
each  experiment,  the  one  in  the  second  column  being  the  average  for 
the  period  during  which  discharge  was  measured  by  rods  and  meter, 
using  the  ordinary  method;  the  other  being  for  the  period  duriug 
which  the  discharge  was  measured  by  meter,  using  the  six-tenths  and 
integrating  methods. 

It  will  be  seen  from  the  table  on  pages  23  and  24  that  the  rod  dis- 
charge and  the  meter  discharge  for  the  six-tenths  method  and  for  the 
integrating  method  are  greater  than  the  weir  discharge,  and  that  the 
meter  discharge  by  the  ordinary  method  is  less  than  the  weir  dis- 
charge. The  sign  used  is  that  of  the  correction  to  l>e  applied  to  the 
meter  or  rod  discharge  to  obtain  the  standaixl  weir  discharge.  The  rod 
discharge  for  90-per  cent  rod  immersion  is  on  an  average  about  2  per 
cent  greater  than  the  weir  discharge,  and  the  rod  discharge  for  75-per 
cent  rod  immersion  and  the  meter  discharge  by  the  six-tenths  method 
are  each  on  an  average  3.5  per  cent  greater  than  the  weir  discharge. 
The  variation  from  the  weir  discharge,  which  we  will  call  the  error, 
is  in  each  case  slightly  greater  for  the  lower  velocities  than  for  the 
higher  velocities.  The  extreme  percentage  difference  between  any 
discharge  and  the  mean  of  all  the  corresponding  discharges  is  about 
2.6  per  cent.  The  error  in  the  discharge  as  found  with  the  current 
meter,  using  the  ordinary  method,  is  seen  to  increase  as  the  velocity 
decreases,  and  the  error  in  the  meter  discharge  as  found  by  the  inte- 
grating method  is  seen  to  also  increase  as  the  velocity  decreases.  It 
also  increases  as  the  speed  at  which  the  meter  is  carried  through  the 
water  increases.  This  we  know  must  'be  the  case,  since  the  velocity 
indicated  by  the  meter  is  the  resultant  of  the  velocity  of  the  water 
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and  the  velocity  of  the  met^r  as  it  is  moved  through  the  water.  When 
the  velocity  of  the  water  is  small,  doubling  the  speed  of  the  meter 
will  nearly  double  the  indicated  velocity.  In  the  following  table  is 
given  the  speed,  in  feet  per  second,  of  the  meter,  also  the  percentage 
of  difference  between  the  true  velocity  and  the  velocity  as  found  by 
the  integrating  method.  For  a  given  speed  of  meter,  the  error  is  seen 
to  be  greater  for  the  low  velocities  than  for  the  higher,  and  for  any 
given  velocity  of  water  the  error  increases  with  the  speed  of  the  meter. 

Table  ahoivitig  effect  of  change  of  speed  of  meter  in  the  integrating  method,  com- 
puted from  experiments  at  Cornell  University. 


Date. 


1900. 

October  34 

Do 

Do 

Do 

October  26 

Do 

October  27 

Do ... 

Do 

Do 

Do 

Do 

October  29 

October  81 

Do 

November  1 

November  29 . . . 


Depth  of 
water. 


(8) 

Speed  of 

meter,  inte 

grating 
I    method. 


Feet, 
9.4C0 
9.374 
9.838 
8.918 
7.673 
7.640 
7.582 
7.557 
6.278 
6.399 
6.319 
6.  ()05 
8.476 
8.470 
8.508 
8. 455 
8.476 


(V) 
True  ve- 
locity. 


^7.  jter  sec.    Pt. 

0.118 
.142 
.164 
.107 
.137 
.135 
.143 
.128 
.180 
.154 
.188 
.142 
.151 
.293 
.258 
.185 
.301 


peraec. 

1.409 

.982 

.477 

.265 

1.444 

1.018 

.502 

.255 

1.940 

1.283 

.898 

.515 

.478 

1.454 

.915 

.229 

.478 


(V,) 

Velocity  by 

intesrrating 

method. 


Ft.  per  9ec. 
1.429 
.983 
.485 
.808 
1.519 
1.079 
.533 
.313 
2.030 
1.338 
.930 
.555 
.493 
1.553 
1.003 
.819 
.573 


CONCLUSIONS. 

Assuming  that  the  discharge  given  for  the  Cornell  University  weir 
is  correct,  the  greatest  percentage  error  in  discharge  when  measured 
with  rods  of  90  per  cent  depth  of  immersion  is  3.74  percent.  The 
range  of  i)ercentage  errors,  omitting  that  on  November  27  for  velocitj\ 
0.255  foot  per  second,  is  4  per  cent,  the  mean  error  for  all  depths  and 
velocities  is  2  per  cent,  and  the  greatest  variation  from  this  mean  is 
2.5  per  cent.  The  greatest  percentage  error  in  the  discharge  when 
measured  with  rods  of  75  per  cent  depth  of  immersion  is  6.14  per  cent. 
The  range  of  these  percentage  errors,  omitting  that  on  November  24 
for  the  velocity  of  1.409  feet  per  second,  is  4.4  per  cent.  The  mean 
error  for  all  depths  and  velocities  is  3.5  per  cent,  and  the  greatest 
departure  from  this  mean  is  2.6  per  cent.  The  greatest  percentage 
error  in  the  discharge  as  found  with  the  current  meter,  using  the  six- 
tenths  method,  is  5.7  per  cent,  and  the  range  of  these  percentage 
errors  is  4.7  per  cent.  The  mean  percentage  error  for  all  depths 
and  velocities  is  3.5  per  cent,  and  the  greatest  departure  from  this 
mean  is  2.6  per  cent. 
From  these  facta  we  may  eoueVa^^^  V>^  ^'VkA^>  ^  diaoharge  measure- 
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ment  of  a  canal  or  feeder  may  be  in  error  6  per  cent  when  its  mean 
velocity  is  small,  but  that,  as  a  rule,  the  error  will  not  be  more  than 
3.5  x>^r  cent,  and  (2)  that  a  measurement  of  loss  from  a  section,  which 
is  mainly  the  difference  l)etween  two  simultaneous  discharge  measure- 
ments, may  be  iu  error  4.7  per  cent — the  largest  difference  that  can 
be  obtained  by  subtracting  any  two  of  the  percentage  erroi-s  in  the 
third,  fourth,  and  sixth  columns  of  the  table  on  page  24,  except  the 
two  just  mentioned,  and  it  is  very  unlikely  that  this  worst  combina- 
tion of  errors  will  ever  occur;  but  it  is  quite  likely  that  the  errors 
made  by  the  two  parties  will  be  about  the  same  in  magnitude  and 
have  the  same  sign,  in  which  case  the  measured  percolation  is  nearly 
free  from  error.  The  average  error  in  the  measured  percolation  is 
probably  not  more  than  2  per  cent,  and  does  not  depend  on  the  cor- 
rectness of  the  standard  weir  discharge. 

Of  no  little  inten^st  and  importance  is  the  fact,  brought  out  by  these 
comparisons  and  accuracy  tests,  that  the  current  meter  will  give 
quickly  and  with  a  high  degree  of  accuracy  the  discharge  of  canals 
and  feeders  or  other  channels  of  rectangular  and  tra]:>ezoidal  cross 
section  with  fairly  smooth  bottoms. 

The  general  subject  of  the  relative  accuracies  of  the  various  methods 
of  measuring  stream  flow  should  be  more  thoroughly  investigated, 
and  it  is  hoped  that  more  light  will  be  thrown  upon  obscure  points  in 
river  hydraulics  and  some  improvements  be  suggested  in  the  methods 
of  measuring  the  flow  of  streams. 

MBASURKMBNT'H  AT  RIVER  STATIONS. 

KENNEBEC   RIVER  AT   WATERVILLE,    MAINE. 

This  river  was  described  by  Prof.  Dwight  Porter  in  the  Nineteenth 
Annual  Report,  Part  IV,  pages  G5  to  84.  Tables  of  its  daily  dis- 
charge from  1892  to  1898  will  be  found  in  Water-Supply  Paper  No. 
27,  pages  11  to  14;  and  similar  data  for  1898  and  1899  will  be  found 
in  Water-Supply  Paper  No.  35,  pages  25  and  26.  The  figures  for  the 
latter  year,  however  (April  to  December,  inclusive),  were  not  com- 
puted with  the  same  degree  of  accuracy  as  were  those  for  former  years, 
and  since  the  publication  of  Water-Supply  Paper  No.  35  they  have 
been  recomput/cd,  and  the  rcNised  figures  for  the  vear  1899  and  those 
for  the  year  1900  are  presented  herewith. 

The  computations  for  this  station  include  the  figuring  of  the  dis- 
charge over  the  dam,  through  the  waste  gates  and  waste  weirs,  and 
through  the  various  wheels  of  the  HoUingsworth  and  Whitney  mills. 
The  Sunday  flow  at  times,  especially  at  low  stages  of  the  river,  is 
found  to  be  irregular,  as  the  mill  at  Waterville  is  sometimes  operated 
Saturday  nights,  drawing  the  water  from  the  pond,  so  that  on  Sunday 
there  is  no  flow  except  that  due  to  leakage.  During  the  dry  season 
there  is  usually  less  water  passing  on  Sundays  than  on  week  days, 
for  at  many  of  the  mills  on  the  river  the  dams  are  closed  in  order  to 
allow  the  ponds  to  fill. 
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Daili/ diaelMrge,  in  tecond-feet,  of  Kenneiiee  River  at  WaterviBe,  Maint,forB»s, 
[DmliMg*  Kreik  i,410  aqnare  mllaa.] 
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Aiiljf  ditehaiye,  in  »econd-feel,  of  Kenn^xo  River  at  WaterviUe,  Main^  for  iSiiO, 
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COBBOS8BECONTEB  RIVER  AT  RESERVOIR  DAM  NEAR  AUGUSTA,  MAINE. 

This  river  is  deBcribefi  in  the  Nineteontti  Annual  Report,  I'art  IV, 
p^res  79 and  80.  The  recoi'd  of  tliti<li»c:liarge  measurements  from  1890 
to  18'J9,  inclusive,  will  be  found  in  Water-Supply  Paper  No.  '<i!i,  pages 
28  to  33.  The  following  nieiMuivmeiits  of  daily  discharge  for  lOOO 
were  furnished  by  Mr.  Alexander  H.  Twombly,  engineer  of  tlie  Forest 
Paper  Company,  of  Yannouthville,  Maine.  The  uieasurementH  are 
made  at  theresorvoirdam,  where  the  discharge  of  the  river  is  controlled 
by  gat«B,  except  during  flood  st^nges.  The  gates  are  closed  on  Sun- 
days and  no  water  is  allowed  to  pa8s.  The  great  Cobbosseecontee 
dam  furnishes  a  supplementary  supply  to  the  reservoir  txdow,  and 
water  is  occasionally  drawn  from  it. 
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aWatur  Kbut  bock  on  Sauilay  wh«ii  unilur  i^introL  " 
AKDROSCOOGIN  KIVER  AT  RUMPORl)  PALLS,  MAINE. 
This  river  receives  tlie  drainage  from  the  Rangeley  and  other  lakes 
iiearthe  borderline  I>etween  Maine  and  New  llani|>shire.  It  flows  in 
ft  southerly  and  southeasterly  <1ireetion,  descending  witli  rapid  fall, 
and  is  one  of  tlie  most  valuable  streams  in  New  England  for  water- 
power  purposes.  It  is  desoribed  in  the  Nineteenth  Annual  Report, 
Part  IV,  p^es  8i  to  ft7.  Figures  of  daily  discharge  will  I>e  found  in 
Wat«T-Supply  Papers  No.  27,  |>ages  14  to  16.  and  No.  35,  pageSS;  also 
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in  the  Twentieth  Annual  Report,  Part  IV,  p^es  67  to  69.  Fignreg 
of  monthly  discharge  for  the  year  1899  will  be  found  in  the  Twenty- 
flntt  Annual  Report,  Part  IV,  page  57. 

The  following  table  of  the  daily  discharge  of  Androscoggin  River  for 
the  year  1900  has  been  furnished  by  Mr.  Charles  A,  Mixer,  resident 
engineer  of  the  Romford  FalLs  Power  Company,  who  states  that  not- 
able features  of  the  discharge  of  the  river  for  that  year  (190(;>)  are  the 
tigh  maximum  diaeharge  and  the  high  average  for  Kebmarj-.  There 
is  iio  previous  ivcord  or  recollection  of  thaws  or  raioa  in  that  section 
during  that  month,  but  in  February,  1900,  there  were  two  such  peri- 
ods of  thawing  and  rainfall.  The  precipitation  for  the  month  was  7.S6 
inches,  the  greatest  on  record,  most  of  it  in  the  form  of  rain.  In  1898 
the  precipitation  amounted  t^i  7.25  inches,  but  all  iu  the  form  of  snow, 
so  that  the  effect  on  the  river  was  not  apparent  until  spring. 

DaHy  ditch/irge,  in  aecimd-feet.  of  Aiutroiicofigin  River  at  Rmnford  Falh.  .Waiw, 
for  nm. 

{Dniunge  sreia,  2310  (qDore  miles.] 
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UEBRIMAC  HIVER  AT  LAWRENCE,  MASSACHUSETTS. 
Careful  records  of  the  flow  of  this  river  at  Lawrence,  Massachusetts, 
have  been  kept  for  iiioi-e  than  tifty  years,  but  they  have  nevt.T  been 
pabViahed  in  full.  Figures  fur  the  monthly  maximum  and  uiiuimum 
discharge  from  1890  to  1897  were  published  in  the  Nineteenth  Aoniul 
Report,  Part  IV,  pages  113  to  115,  and  similar  figures  for  1898  in  the 
Twentieth  Annual  Report,  Part  IV,  page  73.  In  Water-Supply  Paper 
No.  36  will  be  found  the  figures  for  the  daily  discharge  for  1897,  1898, 
and  1899.     I'he  figures  for  ISOO  ate  v^\>\vsXv'&4.'n.«t%'«ith. 
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tM  aecoad-feet,  <if  ilerritaae  Siver  at  Latureiitv.  Mannacliuitctts, 
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NASHUA  RIVER  AT  CLINTOX,  31&SSACHU8ETTS. 
On  tli«  south  branch  of  thiu  stream,  near  the  town  of  ClintOQ,  the 
Metropolitan  Water  Board  in  now  couitti'iicting  tlie  Wachunett  n-sor- 
voir,  for  the  supply  of  water  to  the  city  of  Boston  and  neighboriitg 
cities  and  towns.  MeaMureinents  of  the  flow  of  Nashua  Kiver  at 
Clinton  hav<.>beon  madeby  that  boanl  since  July,  18!iC,  but  the  li^ui-es 
have  not  been  publislu'd.  They  have,  howevi'i-,  lM>en  presentotl  iu 
testimony  in  court,  an<l  have  thus  been  made  public.  Carvful  I'ccords 
of  rainfall  ou  this  watershed  Iiave  also  been  made. 

8UDBORY  RIVER  AND  LAKE  COCHITUATE,  MASSACHUSETTS. 
Sudbury  River  and  Lake  Cochituatf  have  been  studied  hy  the  engi- 
neers of  the  city  of  Bost.on,  th«i  State  Boai-d  of  Mealth  of  Massachu- 
setts, and  the  Metropolitan  \Vat4;r  Board,  and  i-econis  of  rainfall  in 
tbe  Sndbury  watershed  have  l>ecn  kept  since  1>i75  and  in  the  Cochit- 
uate  basin  since  185:2,  but  the  latter  have  been  coiisidei-ed  of  doubtful 
accuracy  previous  to  1K72.  The  reconis  of  run-oft  from  1875  to  18!l8, 
inclusive,  were  published  in  the  Twentieth  Annual  Report,  Part  IV, 
page  76,  and  those  for  18ffO  in  Water-Supply  Paper  No.  3o,  page  ^7, 
where  will  also  be  found  a  short  description  of  the  watersheds  of  the 
river  and  the  lake.  The  following  table  gives  the  record  for  HiOO. 
All  of  the  reeords  were  furnished  by  Mr.  Desmond  B'itz  Gerald. 
IRR  47—01 3 
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Run-off  of  Sudtmry  River  and  Lake  CoeKUmie  teotercAcda,  in  aeeondrf^t  per  tqxan 
mOcJoriaoo. 
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MYSTIC  LAKE,  UASSACHUSBTTS. 
This  lake  has  been  a  Bource  of  water  supply  for  the  city  of  Chatlee- 
towii,  Massachusetts,  since  1864.  A  brief  description  of  the  waterebed 
is  given  in  Water-Supply  Paper  No.  35,  page  39,  and  on  page  40  the  mn- 
ofF,  in  inches,  for  the  watershed  from  1878  to  1897,  Lnclosive.  Records 
for  18U8, 18!)0,  and  1900  are  not  available,  although  observations  have 
beeu  continued.    The  lake  is  no  longer  used  aa  asource  of  water  supply. 

CONNECTICUT  BIVEB  AT  ORPORD,  NEW  HAMPSHIRE. 

This  river  has  its  source  in  Connecticut  Lake,  in  the  extreme  north- 
em  portion  of  New  Hampshire.  A  gaging  and  observatioa  station 
was  established  August  6,  1900,  by  E.  G.  Paul,  on  the  covered  hi(^- 
way  bridge  over  the  river  between  Orford,  New  Hampshire,  and  Fair- 
lee,  Vermont,  about  75  miles  from  the  source  of  the  stream.  The 
gage  for  making  observations  of  the  variations  in  the  height  of  water 
in  the  river  consists  of  a  scaleboard  20  feet  long,  graduated  to  feet  and 
tenthH,  fastened  horizontally  to  the  inside  timbers  on  the  upper  sideof 
the  bridge,  I'lb  feet  from  the  left-bank  abutment,  and  a  steel  sash 
chain  running  over  a  side  pulley  with  a  S-pound  weight,  the  length 
of  the  chain  from  the  extreme  end  of  the  weight  to  the  copper-rivet 
marker  being  42.95  feet. 

The  observer  is  Frank  H.  Gardner,  of  Orford,  New  Hampshire. 
Oiic  discharge  measurement  was  made  during  1900,  as  follows: 
August  7:  Qage  height,  3.6  feet;  discbarge,  1,529  Becond-feeL 
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CONNECTICUT  RIVER  AT  HOLTOKB,  HAS8ACHUBETTK. 

Measiiremeuts  have  been  intide  of  the  Bow  of  Coiiiiecticiit  Kiver 
kt  Holyoke  for  many  years.  For  records  see  Water-Supply  Ptiiier 
No.  35,  p^es  40  to  i2.  The  figures  are  furnished  by  Mr.  A.  F.  Sick- 
man,  assiutant  engineer  of  the  Ilolyoke  Water  Power  Company'.  The 
reoord  for  the  year  1900  is  not  available. 

CONNECTICUT  RIVER  NEAR  HARTFORD,   CONNECTICUT. 

Observations  of  the  liei(;ht  of  Conoectiout  River  near  Hartfonl  are 
made  by  the  Connecticut  River  bridge  and  highway  district,  Edwin 
D,  Graves,  chief  engineer,  as  noted  in  the  Twentieth  Annual  Rei)ort, 
Part  IV,  page  77.  Daily  readings  from  February  H,  ISSl'J,  to  Jan- 
nary  1,  189B,  were  published  in  Water-Supply  Pai>er  No.  35,  pivges  4i 
to  44.     The  recoi-d  for  1900  is  given  in  the  followiug  table: 

DaUggageheighl,iHfeet,ofCi>nn€olic«tRivernearHartford,C<mneetwiit.fiir  whi. 


Jan.   Feb,   Mar.  Apr,  JlBr.lJaie.  July.  Aug. 'Sept.  Oct.  Say.  Dec. 
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HOUflATONIC  MVER  AT  OAYLORDSVILLE,  CONNECTICUT. 

This  gluing  station  was  estahlislied  October  24,  l»0(i,  by  E.  (J.  I'nnl. 
It  is  near  Merwinsville  Station,  on  the  New  York  and  New  Haven 
Railroad.  Gage-heig)it  observations  are  made  by  means  of  u  weight 
suspended  by  a  sash  cliain  from  the  covi^red  bridge  across  tlie  river. 
The  distance  from  the  e.\tronie  end  of  tlie  weight  to  tlie  copper-rivet 
marker  in  the  chain  is  30.45  feet.  The  distance  from  tlie  center  of  tlic 
side  pulley  to  the  datum  of  the  gage  is  30.35  feet.  The  ga^  is  referred 
to  a  lU-foot  scaletmard,  graduated  to  feet  and  tenths,  fastened  hori- 
zontally to  the  woodwork  ou  the  inside  of  the  covered  bridge.     The 
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observer  in  G.  H.  Monroe,  s  farmer  living  within  a  short  distance  d 
the  station.  As  the  cross  section  of  the  river  channel  at  the  bri^ 
was  not  favorable  for  making  discharge  measurements,  a  cable  was 
stretched  across  the  stream  1^  miles  below  the  bridge.  The  span  of 
the  cable  is  200  feet.  It  is  supported  on  the  right  bank  by  timbers  25 
feet  high,  and  is  anchored  to  a  lai^  rock  which  was  placed  5  feet 
below  the  surface  of  the  ground.  On  the  left  bank  the  cable  is  fas- 
tened to  a  large  sycamore  tree,  and  is  anchored  to  the  base  of  a  large 
oak  tree  by  means  of  a  turn-buckle,  A  tag  wire  with  markers  every 
10  feet  was  placed  above  the  cable.  The  initial  point  of  sounding  is 
the  lar^e  sycamore  tree  which  supports  the  cable  on  the  left  bant. 

During  liKK)  the  following  discharge  measurements  were  made  by 
Mr.  Paul: 

Angnat  0:  Gage  height,  3.30  feet;  discbai^,  450  second-feeL 

Angnst  10;  Qage  height,  3.35  feet;  discharge,  422  second-feet. 

October  20:  Gage  height,  3  feet;  dischar^,  303  second-feet. 

October  24:  Qage  height,  aiO  feet;  discharge,  370  seoond-feat. 

Daity  gage  height,  iu  feet,  of  Hovtaatonic  River  at  OaylortUville,  Connrctieut,  for 
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MISCELLANEOUS    MEASUREMENTS    OF    STREAMS    NEAR    GBEATBR 
NEW  YORK. 

Measurements  of  the  discharge  of  three  small  streams  near  the  citj 
of  New  York  wert*  made  by  E.  G.  Paul  in  1900.  These  streams— 
Tenmile  River,  Wallkill  River,  and  Esopus  Creek — have  been  under 
consideration  as  possible  sources  for  increasing  the  water  supply  of 
Greater  New  York.  Following  are  the  discharge  measurements  made 
by  Mr.  Paul; 


UiiKeltaiieoua 


of  alrtams  near  Greater  New  York. 
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METHODS  BMPLOYBD  IN  THB  GAGING  OF  NEW  YORK  STREAMS  DURING 

THE  YEAR  1900.* 

The  location  of  gaging  stations  which  have  been  maintained  or 
entablished  in  New  York  State  during  the  year  1900  are  given  in  the 
first  of  the  tables  which  follow.  Most  of  the  older  stations  were 
established  either  in  connection  with  the  Upper  Hudson  storage  sur- 
vey of  1895  and  1806  or  by  the  United  States  Board  of  Engineers  on 
Deep  Waterways  in  1898.  All  of  the  older  stations  are  in  connection 
with  dams  and  mills.  The  methods  employed  in  (computing  the  flow 
of  streams  from  such  records  an>  described  in  Water-Supply  Paper 
No.  35,  page  30,  and  records  of  flow  for  piist  years  will  be  found 
in  the  same  papc^r.  In  connection  with  all  such  stations  an  effort 
has  l>een  made  to  improve  upon  the  methods  formerly  used,  and  to 
check  the  previous  results  by  making  current-meter  measurements 
to  determine  the  volume  of  flow  through  turbines,  and  ilie  i>n>i)er 
allowance  to  l)e  made  for  leakage  of  dams,  also  to  check  the  calculated 
flow  over  dams. 

Measurements  of  streams  in  New  York  State  have  been  made  with 
the  cooperation  of  the  Stat<*  engineer  and  surveyor,  Edward  A. 
Bond,  and  the  deputy  State  engineer  and  surveyor,  William  Pierson 
Jndson.  The  stations  established  during  the  year  are  chiefly  current- 
meter  stations,  a  gage  being  read  once  or  twice  daily  to  determine 
the  stage  of  the  river,  and  the  current-meter  measurements  made  as 
opportunity  permits,  with  the  water  at  different  stages.  A  sufticient 
number  of  current-meter  measurements  have  not  yet  l)een  made  at 
any  of  the  stations  to  permit  the  construction  of  rating  curves,  so 
that  the  daily  flows  in  second-feet  can  not  yet  be  given. 

In  addition  examinations  have  been  made  of  various  stn^ams, 
notably  of  those  flowing  from  the  northern  slope  of  the  AdiroiKlack 
region,  to  detennine  favorable  localities  for  establishing  gaging  sta- 
tions, and  a  numlHM*  of  gaging  records  liave  betMi  obtained  whicli  are 
not  yet  reA<ly  for  publication. 

No  single  method  of  gaging  has  been  followed  exclusively,  but  dif- 
ferent methods  have  l>een  pursued,  with  a  view  to  checking  the  n\sult« 
obtained.  In  a  number  of  instances  weir  and  current-metiu*  measure- 
ments have  been  combined  at  a  single  station,  the  former  metliod 
being  emploved  to  calculate  the  flow  over  dams,  the  latter  metlio<l  to 
estimate  diversion  to  canals  or  for  water-i)ower  purjwses. 

Many  of  the  older  stations  had  l)een  neglected,  and  at  the  beginning 
of  the  year  the  gages  were  out  of  repair.  Many  of  the  gages  have 
been  replaced  by  new  cmes  having  metallic  figures  and  division  marks, 
and  other  changes  have  l)een  ma<ie  with  a  view  to  incn^asing  tlie 
accuracy  of  the  results. 

1  Report  of  Robert  E.  Horton,  under  whose  direction  the  measurements  in  New  York  State 
haTe  been  made. 
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Location  of  gaging  stations  on  New  York  strtams. 


stream. 


Location. 


i- 


Mohawk  River . . . 

Oriskany  Creek  . . 

Sanqaoit  Creek . . . 

West   Canada 
Creek. 

Do 

Mohawk  River . . 

East    Canada 

Creek. 
Cayadatta  Creek. 

Schoharie  Creek . . 

Do 


Ridge  Mills 
Oriskany  .. 


New  York  Mills 

(No.  3). 
Twin     Rock 

Bridge. 

Middleville 

Little  Falls 


Dolgeville 


Below  Johns- 
town. 
Port  Hnnter 


Do 
Do 


Mohawk  River 


Do 
Do 


Indian  River 

Schroon  River 

Hadson  River 

Do 

Seneca  River 

Chit  tenango 

Creek. 
Oneida  Creek 


Pish  Creek,  West 

Branch. 
Oswego  River 


Do 

Salmon  River . 
Moose  River.. 
Black  River . . . 


Erie  Canal  aque- 
duct. 

Mill  Point 

Schoharie  Falls.. 

Near  Schenec- 
tady. 
Rexford  Plats... 
Dunsbach  Perry. 

Indian  Lake  dam 
Below  Warrens- 
burg. 

Port  Edward 

Mechanicsville  .. 

Baldwlnsville 

Bridgeport 

Kenwood 

McConnellsville . 

High  dam 


Kind  of  station. 


Dam  and  water- 
works. 
Dam  and  feeder 

Dam  and  miU... 

Bridge 


Dam  and  mill  . . 
Dam  and  mills.. 

Dam  and  power 

plant. 
do 

Dam  and  feeder . 

Bridge 


do 

Dam  and  plant 

Bridge 


Dam  and  feeder. 
Dam 


Above  Minetto . . 
Above  Pulaski... 

Moose  River. 

Hu  nti  ngton  ville 
dam. 


Storage  dam... 
Dam  and  mill . . 

Dam  and  mills . 

...do 

do 

do 

Dam  and  mill.. 

Dam  and  mills 

do 


Cable 

Bridge   

<:able 

Waterworks 
dam. 


Duration  of  record. 


Gage  reader. 


Oet.  1, 1886,  to  Not. 

28,1900. 
Oct.  16,  1606,  to  Jan. 

31,1001. 
Sept.  30, 1666.  to  Sept. 

30.1000. 
Sept.  9. 1800— Cont'd  . 

Oct.  7, 1686-Cont*d  a . 
Sept.  28, 1606— Cont'd 

Sept.  23, 1806— Cont'd 

Oct.  1,1806— Cont'd  .. 

Sept.  23, 1896,  to  July 

31,1900.6 
May  2, 1800,  to  Oct. l.H, 

1900. 
July6.19Ua-Conrd.. 
June,  1900— Cont'd... 

Peb.l.l890-Cont'dc. 

Dec.8.l8»6-Cont'd-. 
Mar.12,1608— Cont'dd 

July28.1900-Cont'd. 
Nov.l,1805-Cont'd  . 

Dec.  1,1805- Cont'd.. 
Dec.  1, 1687— Cont'd  . . 
Nov.l2,1886-Conrd. 
Sept.  16, 1606-Cont'd 

Oct.  4,  1886,  to  Dec 

31. 1900.  e 
Sept.l3,1896-Con'd/ 

Apr.  1,1897— Cont'd.. 

Sept.  14. 1900-Cont'd  \ 
Sept.4.1900-Cont'd  .' 
June  5, 1900— Cont'd . 
Peb.22,1807— Cont'd - 


Daniel  Brown. 
Frank  Baker. 
Robert  Huf^ea 

Utica  Elec  LL 
and  Power  Go. 

E.  J.  Nelson. 

J.  J.  GUbert  tad 
Wm.  HoffnuBL 

Henry  Meyer. 

A.  N.  Terry. 

H.  J.  Wittemeier. 

James  Shutts. 

Henry  Peter* 
Empire   State 

Power  Co. 
L.Diggins. 

H.  R.  Betta 
Kept    for   D.  J. 

Howell.  C.E- 
Frank  Pelon 
Joseph    Goodfel- 

low. 

B.  A.  Carr. 
The  Duncan  Ca 
Chaa.  Brannock. 
Jefferson  Dowba. 

Wm-PadgliaBL 

Frank  S.  Harden. 

OsweflTO  Water 

wornCa 
H.  L.  Woodcock. 
H.  A.  Walker. 
Frank  W.  Smith. 
Alonzo  Dreesur. 


a  No  record  February  1  to  May  9, 1900,  inclusive. 

h  No  record  December,  1809,  and  February,  19U0. 

c  No  record  October  3, 1899,  to  April  7, 1901),  inclusive. 

d  No  record  April  1,  1899,  to  August  31, 1900,  inclusive. 

e  No  record  August  and  September,  1899,  and  February  and  May,  lOOOi 

/No  record  August,  1899,  to  April,  1900. 

In  the  foregoing  table  there  have  been  included  a  number  of  rivers 
which  belong  to  the  Great  Lakes  drainage,  descriptions  of  which  will  be 
found  in  Water-Supply  Paper  No.  40,  the  same  being  Part  III  of  this 
series,  a  geographic  arrangement  of  the  streams  having  been  followe4l, 
as  in  former  years.  The  streams  referred  to  are  Seneca  River  at  Bald- 
wlnsville, Chittenango  Creek  at  Bridgeport,  Oneida  Creek  at  Kenwood, 
W  est  Branch  of  Fish  Creek  at  McConnellsville,  Oswego  River  at  Minetto 
and  at  high  dam,  Salmon  River  above  Pulaski,  Moose  River  below  Mc- 
Keever,  Beaver  River,  and  Black  River  at  Iluntingtonville. 

The  following  t^ble  gives  the  results  of  current-meter  ineasuremeDts 
made  on  the  principal  of  these  streams  during  the  year  1900.  A 
modified  form  of  the  Price  meter  which  has  been  adopted  by  the 
United  States  Geological  Survey  was  used.  The  usual  mode  of  pro- 
cedure was  to  submerge  the  meter  six-tenths  of  the  depth  of  the  streiim, 
at  measured  intervals  across  the  channel,  and  record  the  revolutions 
for  a  period  of  100  seconds.    In  vt^^^e*  ol  ^^xxfet^  surface  and  bottom 
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velocities  were  also  taken,  or,  as  a  check,  the  flow  was  determined  by 
the  integrating  method.  Many  of  these  measurements  were  made  at 
places  where  permanent  stations  have  not  been  maintained,  and  the 
gage-height  figures  given  are  the  distances  to  water  surface  measui*ed 
from  some  fixed  point  of  reference,  usually  the  coping  of  either  a  pier 
or  an  abutment.  In  addition  to  the  results  included  in  the  tabic,  35 
current-meter  measurements  have  been  made  in  headraces,  feeders, 
power  canals,  and  other  channels,  to  determine  the  leakage  of  dams, 
the  flow  through  turbines,  and  the  amount  of  diversions.  The  results 
of  these  measurements  will  be  found  in  connection  with  the  descrip- 
tions of  the  various  gaging  stations. 

Summary  of  curretit-meter  measurements  of  Netc  York  streams  during  1900, 


Date. 


May  29 

Anff .  81 

Do.. 

Apr.  8 

Aoff.23 

Apr.  80 
8^  7 

SoptlO 
May  1 
May  28 
May  22 

July  27 
July  28 

Apr.  24 

May   2 

Jniie21 
July  IB 

Do  .. 

Aug.  22 

July  6 
Aug.  22 
May  12 
July  17 
Aug.  21 
Oct.  19 

July  25 

Aug.  9 

July  26 

Oct.  20 


June  11 
June  16 


Sept.  17 

June  1 
May  17 

Sept.  16 

Sept  4 

June  6 


Stream. 


Mohawk  Rivor 

....do 

.....do 

do 

do 


Oriflkany  Creek 
West     Canada 

Creek. 

do 

Mohawk  Biver . 

do 

East  Canada 

Creek. 

do 

do 


Schoharie  Creek 


...do 
....do 

do. 


.do 
.do 


do 

do 

Mohawk  River 

do 

do 

Indian  River... 

Schroon  River. 
do 

Hudson  River . 
do 


Seneca  River.  .. 
Chittenango 
Creek. 

Oneida  Creek.. 

do 

Fish    Creek, 
East  Branch. 
Oswego  River . 


Salmon  River . 
Black  River .... 


Location. 


Riverside  Bridge 

Rome 

.....do 

Ridge  Mills 

do 


Oriskany 

Twin      Rock 
Bridge. 

Middleville 

Little  Falls 

do 

Dolgeville 


do 
do 


Kort  Hunter. 


Point  of  measure- 
ment. 


Two  miles  above 

Rome. 
Below   Erie  Canal 

feeder  dam. 
Above    Erie  Canal 

feeder  dam. 
At  highway  bridge 

above  dam. 
In  channel    below 

dam. 
Wood  road  bridge 


Saspension  bridge. 
Astronga  Bridge . . . 
Iron  highway  bridge 


.do 
.do 
.do 

.do 

.do 


Mill  Point 

do 

Schenectady 

do 

...do 

Sabael    


Warrensburg... 
.....do 

Fort  Edward... 
Mechanicsville  . 


Bald  wins  ville. 
Bridgei)ort ... 


Koiiwood 


Onoida  Castle. 
Point  Rock  ... 


Cable  station  .. 
Bridge  station . . 
Glen  Park  Bridge 


....do    

Below    High  Falls 
dam. 

West  Shore  rail- 
road bridge. 

Erie  Canal  aqueduct 

Inflow  to  Mohawk.. 

Below  aqueduct;  in- 
flow to  Mohawk. 

Total    outflow    at 
dam. 

Below  aqueduct;  in- 
flow to  Mohawk. 


Freeman's  bridge . . . 

do 

....do 

Below  Indian  Lake 
dam. 

Two  miles  above 
Warrensburg. 

One  mile  above 
mouth. 

Highway  bridge  be- 
low paper  mill. 

Highway  bridge  be- 
low Duncan  & 
Co.'s  dam. 


Highway  bridge  be- 
low  Butternut 
Creek. 

Headrace  above 
mill. 


Three  mfles  above 

Minetto. 
Two    miles   above 

Pulaski, 
'rwo    miles    below 

WateTtowii. 


Hydrogra- 
pher. 


Gago      Dis- 
helght  charge. 


R.  E.  Horton . 

....do 

...do 

H.  A.  Pressey 
R.  E.  Horton . 


.do 
.do 


.do 
do 
do 
do 

.do 
.do 


H.  A.  Pressey 

E.D.Walker. 
R.  E.  Horton . 
E.D.Walker. 


do 
.do 


.....do 

do 

.....do 

.....do 

.....do 

R.  E.  Horton 


do 
.do 
.do 
.do 


do 
.do 


do 

do 
.do 

.do 

do 

.do 


Feet. 
14. 9U 


1.96 


12.20 
.37 


18.70 

L83 

20.12 

20.16 


2.26 


.64 
.47 
6.50 
5. 20 
5.40 
8.20 

16.40 


21.50 


a.  25 
8.50 


5.40 
1.03 


\ 


Sec. -ft. 
202 

38 

188 

1.385 

116 

289 
182 

245 
4,778 
1.560 

412 

462 

108 

5,573 

1,257 
80 
d8 

114 

44 

87 
141 
4.135 
667 
976 
451 

883 

286 

2,704 

1.871 


1,868 
95 


20 

86 
485 

1,677 

103 

2,176 


\ 
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Field  work  was  begun  so  late  that  in  many  instances  carrent'-meter 
measurements  to  check  the  calculated  flow  over  dams  during  high 
water  could  not  be  made.  Additional  meter  measurements  are  also 
needed  at  all  of  the  current-meter  stations  to  entablish  discharge 
curves.  This  rei)ort  must  therefoi-e  be  considered  as  in  some  degree 
preliminary. 

For  mill  streams,  where  the  water  is  held  T)ack  as  pond  storage 
during  the  drj-  season,  and  where  the  mills  are  stopped  on  Sundays  or 
holidays,  it  is  impossible  to  determine  the  natural  regimen  of  flow. 
If  at  the  time  the  water  wheels  are  stopped  the  water  stands  below 
the  level  of  the  crest  of  the  dam,  the  flow  in  the  stream  channel  below 
will  be  nil,  or  at  best  will  only  equal  the  leakage  of  the  dam,  flumes, 
or  penstocks.  With  regard  to  estimation  of  Sunday  flow,  no  uniform 
rule  has  beeu  followed.  In  some  of  the  older  records  the  Sunday  fow 
during  the  dry  season  has  been  taken  as  the  mean  of  the  calculated 
flow  for  the  preceding  and  following  days,  and  in  eases  where  this 
method  had  previously  Ix^n  used  it  has  been  adhered  to  in  computiog 
the  daily  discharge  of  the  streams.  In  other  instances  the  daily  flow 
given  in  the  table  is  that  shown  by  the  gaging  record,  and  represents 
as  nearly  as  may  be  the  actual  amount  of  water  flowing  in  the  stream 
channel  below  the  dam,  but  it  may  be  quite  different  from  the  amount 
entering  the  pond  above  the  dam. 

The  relation  existing  between  the  canals  of  New  York  and  the 
streams  of  the  central  portion  of  the  State  is  very  complicated.  In 
many  cases  diversion  from  the  headwaters  of  the  streams  for  the  sup- 
ply of  canals  virtually  reduces  their  effective  drainage  areas.  As  a 
result,  the  watersheds  during  the  summer  may  be  materially  less  in 
area,  and  in  their  water-yielding  characteristics  may  differ  widely 
from  the  region  tributary  to  the  streams  when  the  canals  are  not  in 
operation.  It  is  evident  that  the  run-off  from  such  streams  is  not 
comparable  with  that  from  streams  having  an  undisturbed  regimen. 

It  often  happens  that  a  single  gage  reading  taken  at  or  near  the  cul- 
mination of  a  flood  shows  a  larger  flow  than  the  mean  for  any  single 
day.  The  results  of  such  isolated  observations,  together  with  other 
data  relative  to  extremes  of  flow,  have  been  given  for  a  number  of 
stations. 

The  drainage  areas  of  the  various  streams  above  the  gaging  stations 
and  at  other  points  are  given  in  the  following  table: 

Drainage  areas  of  Netc  York  streams. 


Stream. 


Batten  Kill  a 
Beaver  River. 

Do 

Do 


Location. 


At  month 

...   -do 

Above  Beaver 
Below  Beaver 


Sq.mOes. 

d4S8 
3Si 
153 


a  Hudson  Kiver  tributary.  6  Upper  Hudson  storaife  sarreya. 
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Drainage  areas  of  New  York  streama—Coniiimed, 


Black  Creeka 
Black  River 

Do 

Do... 

Cayadntta  Creek  c 

Do 

Chittenango  Creek 

Do 

East  Canada  Creek  c 

Do 

Fish  Creek,  East  Branch 
Fish  Creek,  West  Branch 

Fulton  Chain 

Hoosic  River  6 

Hudson  River 


At  month 

do 
At  gaging  station  . . . 

At  Forestport 

At  month 

At  gaging  station  . . . 

At  month 

At  Bridgeport^ 

At  month 

At  gaging  station^. . . 

At  Point  Rock 

At  McConnellsvilled 

Above  Old  Forge 

At  month 


At  Troy 

Do Above  Mohawk 


Do 

Do 

Do 

Indian  Lakee 

Lake  Neatahwanta  a  . . 
Mohawk  River . 

Do 

Do.. 

Do 

Do...     .  

Moose  River 

Do 

Ninendle  Creekc 

Do 

Oneida  Creek 

Do 

Oneida  River 

Oriskany  Creek  c 

Do.  .  

Oswego  River 

Do 

Do 

Do 

Do 

Sacanda^ Rivera  ..,.. 
Salmon  River .  

Do.. 

Sanqnoit  Creekc 

Schoharie  Creekc 

Do .. 

Do 

Do 

Schroon  River 

Seneca  River .. .  

Do 

West  Canada  Creek  c . 

Do 

Do. 

Do 


At  Mechanicsville 

At  Fort  Edward 

At  Hadley  f/   

At  gaging  station  _. 

At  month  of  ontlet 

At  month 

At  Resford  Flatsd 

At  Schenectady  d 

At  Little  Failed 

At  Ridge  Milled 

At  month 

At  cable  Ktation* 

At  month 

At  gaging  station 

At  mouth  . 

At  Kenwoodd 

At  month 

.  do  .        

At  State  dam  d 

At  month 

At  high  dam 

At  cable  station .  

AtFnlton 

Below  Three  River  Point 

At  month 

At  bridge  station 

One  mile  above  falls 

At  month 

At  gaging  station 

At  month . . 

At  Fort  Hnnter  d 

AtMillPointd 

At  Schoharie  Falls  d 

At  gaging  station 

At  month 

At  Bald winsville  d 

At  month  ....   .• .. 

At  Middlevilled 

At  Trenton  Falls 

At  Twin  Rock  Bridged.. 


Sq.  miles. 

39 

1.080 

1,889 

6268 

662 

b40 

6809 

6807 

283 

256 

6104 

6187 

41 

/730 

/8,000 

4,627 

/4.  r)(.0 

/2,800 

/1, 092 

146 

23 

63,468 

63,385 

8,212 

61,306 

6153 

406 

346 

674 

663 

6149 

659 

61,402 

6146 

6144 

5,002 

5,000 

4,990 

4,916 

6167 

61,056 

264 

6191 

67 

62 

6947 

6947 

984 

930 

563 

63,483 

6  3, 103 

569 

518 

375 

252 


aOswesp  River  tributary.  e  HadsoD  River  tributary. 

b  United  States  Board  of  Engrineers  on  Deep  Waterways.  /  Upi>er  Hudson  store  (?e  Rurveys. 

e  Mohawk  River  tributary.  g  Not  including  Schroon  River. 
d  Oaglng  atatlon. 
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MOHAWK   RIVER  OAQING  STATIONS. 

• 

Gaging  records  have  been  kept  on  this  stream  at  the  following  dams 
and  mills:  Rome  waterworks  pumping  station  at  Ridge  Mills,  lower 
dam  at  Little  Falls,  New  York  State  dam  at  Rexford  Flat8«  and  West 
Troy  Company's  dam  at  Duusbach  FeiTy.  A  current-met«r  station  at 
Freeman's  bridge,  below  Schenectady,  has  also  been  maintained. 

An  important  series  of  gaglngs  has  also  been  instituted  on  Mohawk 
River  by  the  New  York  State  canal  survey,  under  the  direction  of  * 
Edward  A.  Bond,  State  engineer  and  surveyor.  A  statement  regard- 
ing these  gagings  has  been  furnished  by  Mr.  D.  J.  Howell,  consulting 
engineer  of  the  New  Yofk  State  canal  survey.  Gages  have  been 
erected  at  various  places  along  the  stream,  from  Herkimer  to  the 
confluence  of  the  river  with  Hudson  River  at  Cohoes,  both  above  and 
below  each  dam  and  near  the  points  of  inflow  of  the  more  important 
tributaries,  and  the  positions  of  the  gage  zeros  have  been  determined 
with  reference  to  mean  tide  as  a  datum.  Gages  previously  maintained 
by  the  United  States  Geological  Survey  have  been  used  wherever 
available.  Observers  are  employed  to  take  simultaneous  daily  read- 
ings of  the  gages,  from  which  the  slope  of  the  water  surface  for  each 
level  or  division  will  be  determined  and  the  velocity  of  flow  computed. 
It  is  the  intention  to  ta,ke  cross  sections  of  the  stream  channels  in  each 
level,  at  different  stages,  and  to  make  current-meter  or  other  discharge 
measurements  during  high  Water. 

The  regimen  of  Mohawk  River  during  the  navigation  season  is 
undoubtedly  influenced  to  a  large  extent  by  the  Erie  Canal,  which 
runs  parallel  to  it  from  Rome  to  Cohoes.  The  water  supply  of  the 
Erie  Canal  east  of  the  summit  level  at  Rome  is,  with  a  single  excep- 
tion, derived  from  Mohawk  River  and  its  tributaries.  The  State 
dams  and  feeders  are  located  as  follows : 

Location  of  State  darns  and  feeders. 


stream. 


Mohawk  River . 

Do 

Oriskany  Creek . 
Mohawk  River. 

Do 

Schoharie  Creek 
Mohawk  River  . 


Location. 


Delta,  6  miles  above  Rome. 

Rome. 

Oriskany. 

Little  Falls. 

Fivemile  or  Rocky  Rift  dam. 

Fort  Hunter. 

Rexford  Flats. 


A  large  diversion  from  the  watershed  at  these  feeders  is  in  some 
measure  counterbalanced  by  return  water  to  the  main  channel,  from 
seepage  through  canal  and  feeder  banks,  and  from  flow  over  waste- 
weirs. 

The  gaging  records  at  Rexford  Flats  and  at  Little  Falls  indicate 
that  during  the  navigation  season   the  yield  of  the  watershed,  in 
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second-feet  per  square  mile,  and  frequently,  also,  the  actual  flow  of 
the  river,  in  second-feet,  is  considerably  less  at  the  former  station 
than  at  the  latter  station.  The  drainage  area  al)ove  Rexford  Flats  is 
3,385  square  miles,  or  2.6  times  that  at  Little  Falls,  whieli  is  1,306 
square  miles.  This  fact  appears  to  be  confirmed  by  the  other  gaging 
records  kept  on  the  stream,  but  the  results  of  these  have  not  l)een 
sufficiently  worked  up  to  permit  a  final  discussion  of  the  subject  at 
this  time.  The  diminished  water-yielding  capacity  of  the  lower 
Mohawk  Basin  may  be  attributed  in  part  to  the  low  water  of  Scho- 
harie Creek.  The  total  drainage  area  of  that  creek  is  047  square 
miles.  Weir  measurements  at  Schoharie  Falls  show  that  tlie  flow 
sometimes  falls  below  50  second-feet.  During  practiciilly  the  entire 
summer  no  water  flows  over  the  crest  of  the  State  dam  at  Fort  Hunter; 
the  major  portion  of  the  flow  is  diverted  to  the  Erie  Canal  feeder,  and 
the  remainder  leaks  through  the  dam.  During  the  summer  of  1900, 
from  June  to  October,  inclusive,  the  direct  inflow  to  the  Mohawk  from 
this  tributary  did  not,  with  the  exception  of  a  few  days,  exceed  45 
second-feet,  or  0.05  second-foot  per  square  mile. 


MOHAWK  RIVER  AT  RIDOB   MILLS,    NEW  JORK. 

A  description  of  this  station  will  l)e  found  in  Water-Supply  Paper 
No.  35,  page  45.  During  the  present  season  (1900)  the  calculated  dis- 
charge of  the  turbines  has  l>een  made  to  depend  on  current-meter 
measurements,  instead  of  on  the  observed  wheel-gate  openings,  as 
formerly. 

Table  showing  relation  of  speed  of  pumps  to  ivater  flowing  in  tailrace. 


Date. 


190a 


May  29  .. 
Angnst  23 


Speed  of 
pamps. 


Measured  flow 
in  tailrace. 


Rev.tyennin. 
15 
12 


Secoiid'/eet. 

122 
95 


The  discharge  of  the  turbines  is  sensibly  proportional  to  the  rate  at 
which  the  waterworks  pumps  wliich  they  drive  are  run,  and  a  straight- 
line  diagram  has  been  prepai'ed,  using  the  foregoing  data,  from  which 
the  flow  through  the  turbines  has  been  estimated. 

On  August  23,  when  no  water  was  flowing  over  the  crest,  a  meas- 
urement of  the  leakage  of  the  dam  was  made  in  the  stream  channel 
below;  it  was  found  to  be  20  second-feet,  and  an  allowance  of  that 
amount  has  been  made  in  estimating  the  daily  flow.  The  results  of 
other  meter  measurements  at  this  station,  and  in  the  vicinity,  will  be 
found  in  the  table  on  page  39. 

The  gaging  record  at  Ridge  Mills  does  not  include  any  allowance  for 
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diversion  to  Black  River  Canal  at  the  Delta  feeder,  4  miles  upstresm, 
nor  for  rotnm  water  from  seepage  and  wasteweirs. 


D«y. 

oc^. 

KoT.n 

^.. 

D.y. 

Octn 

»„,.«. 

1 

IM 

1 

34S 

i 

i 

1 

i 

1 

i 

1 

1 
i 

18 

1 

i 

■Ml 

i 

i 

UM 

» 

S::-:.:-::;::::;::::: 

3M 

UO 

a 

1  BoTlwd  Bpim. 
Daily  digeliargf,  in  itecfmd-fni,  of  Mohairk  River  at  Ridge  MHU,  New  York,  for  ISIS. 


Dny. 

Jmoii 

FnUn 

ftUr.ii 

Apr,. 

M»y... 

Jaoe- 

-- 

Antt. 

Sept- 

'-ict. 

Nov.n 

D«a 

1 

sm 

£.373 

a 

IW 

i 

i 

ib;< 

3X 
214 

ail 
'au 

3rt 

§ 
i 

sat 

IW 
151 

4l>t 

aft7 

SHU 

■m 

!)6I 

ss 
'■| 

1.171 
321 

Ml 

g 

311 

■i 
'■^ 

if 

1 
B 

l.SM 

'■a 

TUB 

1 

lie 

411 

1 

4M 
£71 

S 

1.1% 
314 

33T 

aw 

SH 

ate 

aix 
ae 

iiMt 

33B 

1 

2W 

S! 

ma 

340 
248 

1 

ffi! 

n» 

4W 

1 

1 

las 

1 

348 

131 

ISE 
IS 

1 

27S 

3^ 

i 

§ 

SOS 

1 

""fa 

i 

80 

ee 
«e 
lift 

13^ 

en 

iS 

St 

u 

s 

i 

800 
810 

1 

310 

sail 

i 
1 

xan 

E 

Ml 

SIS 

3a 

1 
1 

SB, 

m 

2BS 

1 
i4« 

i 

SB 

91 

•r 

3.Rt 

\t:--.:::::z 

all  '    *i» 

oas 

iS! 

"""■ 

«7 

m 

ifiO 

£«1 

MO 

a. 

81 

- 

ss 

uBerlauil  flsnre*. 
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IMMily  cLvtcharge^  in  aecond-feet^  of  Moluiwk  River  at  Ridge  Mills,  New  York,  for  1900. 


Day. 

Jan.a 

Pel). 

Mar. 

Apr. 

May.b 

June.f> 

July.b 

Aug.  b 

Sept.ft  Oct.ft 

Nov. 

1 

a 

270 
270 
270 
290 
810 
310 
340 
1,115 
475 
530 
475 
420 
415 
305 
305 
265 
265 
345 
365 
1,365 
1,535 
875 
655 
385 
365 
480 
385 
2>» 
270 
270 
270 

200 

132 

100 

180 

100 

348 

128 

125 

1.628 

1,128 

854 

7ffi 

3,1© 

1,928 

1.068 

618 

578 

284 

20S 

188 

198 

388 

mi 

714 
2H8 
172 
202 
132 

784 
815 
750 
630 
280 
224 
354 
350 
32U 
300 
280 
219 
354 
354 
219 
154 
149 
159 
160 
544 
500 
504 
504 
370 
164 
160 
164 
160 
164 
116 
112 

810 

1,080 

1,245 

1,135 

1,065 

1.245 

2.205 

1.845 

1,070 

740 

680 

930 

930 

835 

900 

1.485 

1,685 

3,375 

1,805 

985 

930 

1.2a5 

930 

675 

555 

365 

365 

315 

275 

225 

130 
130 
130 
130 
130 
130 
130 
LM) 
130 
130 
130 
125 
100 
100 
100 
105 
310 
210 
147 
147 
130 
130 
112 
105 
106 
105 
105 
105 
110 
105 
105 

126 

168 
216 
285 
230 
180 
168 
215 
180 
330 
230 
185 
180 
180 
215 
165 
155 
158 
180 
165 
170 
170 
165 
185 
305 
140 
145 
123 
180 
130 
124 

126 
115 
105 
105 
160 
158 
175 
170 
112 
110 
120 
160 
187 
130 
100 
100 
.    160 
140 
168 
165 
260 
185 
125 
132 
515 
270 
198 
175 
180 
107 
117 

104 

120 

120 

92 

90 

104 

84 

84 

107 

100 

88 

154 

865 

458 

864 

88 

84 

80 

84 

92 

08 

124 

97 

84 

165 

165 

120 

185 

125 

124 

179 

155 
115 
109 
105 
112 
112 
113 
104 
85 
100 
100 
107 
92 
95 
115 
115 
216 
325 
118 
179 
625 
615 
415 
435 
395 
305 
175 
127 
185 
21)5 

175 

185 

165 

113 

115 

113 

115 

111 

113 

127 

118 

118 

109 

102 

395 

.)95 

:ff)5 

109 

90 

90 

95 

95 

95 

895 

415 

305 

410 

385 

345 

95 

95 

305 
865 

8 

340 

4 

340 

5 

460 

6 .. 

1,970 

7 

i)65 

8 

835 

9 

705 

10 

725 

11 

735 

12 

18 

640 
620 

14 

G45 

15 

580 

16 

580 

17 

620 

18 

19 

640 
1,550 

80 

1.760 

Si 

1,480 

8 

965 

23 

965 

«4 

7:15 

25 

1,665 

86 

3.990 

27 

28 •.... 

(c) 

29 

ao 

81 

Mean 

160 

581 

336 

1,062 

180 

160 

140 

198 

313 

971 

a  Record  doubtful;  owing  to  ic-d  on  creet  of  dam. 
5  Record  doubtful;  flash  boards  changed  frequently. 
c  Dam  and  gage  injured  in  flood. 

ORI8KANY  CREEK  AT  ORI8KANY,  NEW  YORK. 

A  description  of  this  stiition,  as  well  as  of  a  second  station  which 
was  maintained  for  a  time  at  Coleman,  on  the  same  stream,  will  be 
found  in  Wat^r-Supply  Paper  No.  35,  page  47.  The  Oriskany  station 
is  located  at  the  New  York  StatrC  dam.  During  tlie  summer  the 
entire  flow,  less  leakage,  is  ordinarily  diverted  to  the  c^nal  feeder. 
H.  Waterbury  &  Company's  dam,  located  just  l>elow  the  State  dam, 
backs  water  above  the  toe  of  the  latter  dam,  so  that  direct  measure- 
ments of  the  leakage  of  the  State  dam  can  not  readily  Iw  made. 
During  the  winter  and  spring  the  flow  of  the  river  is  available  for 
power  from  the  lower  dam,  but  during  the  season  of  navigation  the 
inflow  to  the  river  from  this  tributary  amounts  to  only  a  few  soeond- 
feet.  The  computed  flow  at  the  gaging  station  reiii'esents  the  total 
outflow  from  the  i)ond  above  the  State  dam,  and  includes  water 
diverted  from  Chenango  River  through  tlie  channel  of  Oriskany 
Creek  to  feed  Erie  Canal.  A  record  is  kept  of  the  height  of  water  in 
the  pond  above  the  dam,  and  also  of  that  in  the  feeder  channel  below 
the  head  gates.  The  observed  difference,  or  the  head  on  the  feeder 
gates,  together  with  the  area  of  the  gate  openings,  have  been  used  in 
the  formula  for  discharge  through  submerged  orifices  to  determine 
the  flow.  A  screen  rack  in  the  forebay,  just  above  the  feeder  gates, 
often  becomes  clogged  with  drift,  causing  a  loss  of  head  of  several 
inches.    In  order  that  the  correct  head  on  the  feeder  gates  might  be 
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obtained,  at  the  beginning  of  the  navigation  season  of  1900  a  gage 
wan  placed  in  the  forebay  between  the  screen  rack  and  the  feeder 
gates. 

Current-meter  measurements  have   been   made   in   the  Oriskanj- 
feeder,  as  follows : 

Current'tneter  measurements  in  Oriskany  feeder. 


Date. 


October  15, 1898 
Do 

April  28. 1900... 
May  29.  1900  ... 


Hydrogrrapher. 


W.  D.  Lock  wood. 

...do 

R.  £.  Horton  .... 
do  


Measured  dia- 


charge. 


Second-feet. 

49.5 

118.9 

167.9 

103.2 


Compnted  dii- 
Gliarge. 


Second-ftd 

48.9 
119.1 
170.8 


During  the  dry  season  the  gateways  leading  to  the  feeder  are  wide 
open  and  the  water  flows  through  unobstructed,  as  in  an  open  channel, 
so  that  the  formula  for  discharge  through  orifices  can  not  be  applied. 

In  this  connection  the  difficulties  encountered  in  gaging  the  flow  in 
canal  feeders  are  worthy  of  comment.  Broadly  speaking,  the  amount 
of  water  required  for  the  supply  of  canals  is  proportional  to  lockage 
and  evaporation  jointly,  with,  perhaps,  a  constant  factor  added  for 
seepage  losses.  As  a  matter  of  fact,  however,  the  rat-e  of  flow  in 
the  feeder  often  fluctuates,  within  wide  limits,  several  times  a  day. 
Usually  gates  are  placed  in  both  the  inlet  and  the  outlet  ends  of  the 
feeder  channel.  The  height  of  the  water  in  the  feeder  is  influenced 
by  the  height  of  the  water  in  tlie  canal  and  in  the  supply  pond  above, 
while  the  velocity  of  flow  may  be  varied  by  changes  in  the  gate  open- 
ings at  either  end.  Isolated  discharge  measurements  are  of  value  in 
a  general  way,  but  it  may  be  said  that  nothing  short  of  a  continuous 
record,  l)oth  of  the  stage  of  the  water  in  the  feeder  and  of  its  velocity 
of  flow,  will  serve  to  determine  the  actual  diversion  from  day  to  day. 

Daily  discharge^  in  second-feet^  of  Oriskany  Creek  at  Oriskany,  New  York^for  289S, 

[Drainage  area,  144  square  miles.] 


Day. 


Oct. 


1. 
2 
8 
4. 

6 
6 

7, 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 


838 
248 


Nov.  ,   Dec. 


829 
296 
274 
276 
266 
269 
267 
236 
284 
370 
740 
870 
365 
888 
852 
311 
304 


266 
269 
428 
413 
457 
445 
445 
462 
899 
888 
425 
460 
846 
160 
150 
800 
280 


18 

19 

20 

21 

22 

28 

24 

25 

26 

27... 

28 

39 

30 

31 

Mean 


Oct. 

Nov. 

1 

212 

804 

231 

810 

280 

982 

248 

350 

9S» 

288 

880 

900 

816 

324 

230 

278 

890 

253 

564 

602 

457 

335 

403 

300 

389 

254 

886 

825 

927 

Dec 


100 
SQ 
19S 

aoo 

8S 
410 
2Eo 
210 
150 
100 
235 

ass 


3!7 
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Dot^V  dUdtarge,  in  seeond-feet,  of  Onskany  Creek  at  Oriakany,  JfetP  York./nr  1899. 


D»r. 

j«.. 

Feb. 

Mw. 

Apr. 

Mftr 

Juno 

July 

Aog 

MpL 

OcL 

Nov. 

1 
it 

1 

sea 

- 

1 
1 

i 

i 

106 

1 

WO 

i 

1 

1 
1 

a 

343 

set 

1 

807 
SST 

an 

i 

MO 

i 

300 

1 

i 

1 

is 

an 

1 

flOU 

1:3 
■•{!8 

370 

aw 

MO 
33U 
U» 

I 

i 

am 

1 

1 

lOR 

1 
1 

a 

120 

18 

i 

1 
1 
i 

1 

SOA 

1 

m 

IDS 

i^ 

lOfi 

i 

sue 

1 

i 
i 

1 
1 

US 

6! 

fa 

i 

II 

i 
1 

lis 

107 
111 

u 

m 

1 
1 

m 

m 

AK 

m 

3(£ 

tm 

lit 

H 

lAs 

m 

01 

300 

DaOji  diaeharge,  in  meond-feet,  of  Oruhanjf  Creek  at  Oritkany,  A'ew  York,  for  1000. 


f.  Juna  July.!  Aug.  Sept-i  ( 
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SAUCiUOIT   CRKEK    AT   NEW    YORK   HILLS,  NBW    YORK. 

A  description  of  this  station  will  I»  fouud  in  Water-Supply  Paper 
No.  35,  pnge  48,  During  the  eummer  little  water  flows  over  the  dani, 
the  entire  volume  being  used  to  drive  the  wat-er  wheels  in  the  adjoin- 
ing cotton  mills.  The  leakage  of  the  dam  was  measured  by  currenl 
meter  on  May  31,  and  was  found  tu  be  5.6  secoiid-feet. 

This  station  was  discontinued  October  1,  1900. 

Dailji  dUichaTye,  in  aeeond-ffet,  of  Sanqiioil  Creek  at  Kete  York  ilUU,  ,V«r  Yuri. 

for  18'J8. 

[DraJiuira  Krea.  SS  sqaara  DiliM.] 


D«r. 

Sept.- 

*■- 

»„. 

D„. 

»»^ 

-Bq>t. 

Oct. 

Sot. 

Pa 

ST 

1 

3S 

! 
1 

13 
•All 

1 

1« 

58 

■I 

1 

3B 
38 

'ti 

M 
O 
•« 

61 

m 

•« 
1 

•I 
« 
1 

18 

1 

! 

12 

w 

3 

Heu 

Z! 

u 

M 

Daily  diadiargr,  in  second-feet,  of  Sauquoit  Creek  at  Nexr  York  MUU,  Nae  Forit, 


Dmj. 

Jul. 

Fab. 

»„ 

Apr. 

li»y 

,^.. 

- 

An«. 

Sept, 

Oct. 

Not. 

Su 

•78 

.1 
1 

"1 
§ 
1 
.1 

an 

i 
1 
1 

i 

*1 
1 

•s 

4;! 

'■1 

a 
.1 

i 
i 

1 

•1 

73 

106 

i 

IW 

1 

1 

■1 

Ml 

J 

«1 

1 

i 

1 

1 
1 

ft 

13 

a& 
ss 

"f, 

"i 

1 

10 

'i 

"sn" 

"1 
,1 

S 

as 

fig 
» 

1 
s 

1 
.n 

X 
18 
SI 

^ 

i-"=:;;;;;;;;:;:;; 

•S 

30 

1 
'1 

42 

♦IS 

1 

1 
J 
1 

s 

» 

It 

M 

" 

111 

1E7 

» 

' 

u 

u 

" 

m 
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f  diHcharge,  in  second'feet^  of  Sauquoit  Creek  at  New  York  Mills,  New  York^ 

for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jaly. 

Aug. 

Sept 

• 

86 
46 
46 
40 
40 
17 

♦26 
50 
36 
42 
40 
46 
18 

♦9 
50 
43 
50 
50 

306 

272 

♦117 

92 

97 

116 
95 
66 
22 

♦68 
83 
91 
63 

87 
77 
97 

♦46 
69 
72 
67 

147 

486 
65 

♦67 

172 
1.413 

180 
92 
68 
37 

♦55 
74 
68 
68 

379 

392 
34 

♦13 
80 
47 
74 

69 
81 
35 

♦21 
81 
74 
88 
88 
86 
38 

♦17 
74 
74 
68 
68 
68 
42 

♦18 
68 

371 
96 
98 
93 
66 

♦67 
88 
68 
87 
86 

199 

166 

♦207 

837 

267 

185 

135 

91 

269 

♦2W 

103 

87 

87 

113 

95 

87 

♦135 

86 

207 

297 

170 

ft5 

193 

♦295 

05 

108 

91 

87 

87 

49 

♦55 

91 

81 
81 
81 
87 
30 

♦43 
87 
81 
81 
74 
77 
41 

♦56 
87 
65 
26 
35 
35 
24 

♦29 
35 
35 
86 
35 
35 
14 

♦33 

28 

22 

5 

36 

42 

20 
♦29 
42 
42 
35 
28 
40 
24 
♦17 
42 
46 
41 
25 
32 
24 
♦5 
29 
41 
38 
38 
26 
27 
♦5 
32 
38 
25 
32 
67 
33 

♦6 
38 
38 
6 
38 
86 
84 
♦9 
66 
66 
28 
32 
32 
22 
♦6 
42 
85 
35 
28 
32 
33 
♦6 
38 
38 
48 
42 
32 
22 
♦6 
38 
85 

28 
23 
84 
10 
♦5 
80 
23 
23 
20 
17 
15 
♦5 
23 
20 
17 
20 
20 
37 
♦5 
30 
18 
20 
17 
17 
18 
♦6 
30 
37 
35 
35 
37 

27 

♦6 

6 

23 

28 

17 

20 

26 

♦5 

28 

37 

5 

6 

10 

17 

♦6 

13 

17 

17 

17 

17 

18 

♦8 

18 

17 

18 

17 

13 

13 

♦6 

Meftn . . 

72 

146 

84 

138 

49 

32 

32 

22 

15 

♦  Sunday. 
WEST  CANADA   CREEK  AT  TWIN  ROCK  BRIDGE,   NEW  YORK. 

win  Rock  Bridge  crosses  West  Canada  Creek  2  miles  above  Hinck- 
at  practically  the  point  of  emergence  of  the  stream  from  the 
rondacks.  The  bridge  is  of  iron,  has  two  spans,  and  is  167.5  feet 
^  between  abutments.  The  stream  bed  is  of  gravel  and  rock,  and 
conditions  are  unusually  favorable  for  a  current-meter  station.  A 
B  board  was  set  and  a  record  commenced  on  September  7, 1900.  The 
6  is  read  at  7  a.  m.  and  at  6  p.  m.  each  day,  and  the  average  of 
two  daily  readings  is  given  in  the  appended  table.  A  current- 
er  measurement  made  on  September  7  showed  the  discharge  to  be 
second-feet.  The  gage  reading  was  0.37  foot, 
he  record  at  Twin  Rock  Bridge  is  kept  by  the  Utica  Electric  Light 
Power  Company.  This  company  is  erecting  a  power  plant  at 
Qton  Falls,  4  miles  farther  downstream.  A  concrete  dam  has 
1  constructed,  which  will  give  a  head  of  265  feet  on  the  turbines, 
ch  are  of  special  design.  It  is  the  intention,  after  the  plant  is 
pleted,  to  keep  a  continuous  record  of  the  amount  of  water  used 
he  turbines  and  of  the  flow  over  the  spillways. 
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The  drainage  areas  at  the  different  gaging  stations  are  as  follows: 

Drainage  areas  of  West  Canada  Creek, 

Square  mflet. 

At  month 569 

AtMiddleville ..519 

At  Trenton  Falls 1 875 

At  Twin  Rock  Bridge 252 

Daily  gage  height,  in  feet,  of  West  Canada  Creek  at  Twin  Rock  Bridge,  New  York, 

for  1900, 


Dmy. 

Sept 

Oct 

Nov. 

Doc                Day. 

1 

Sept 

Oct. 

X.iT. 

Dftc 

1 

0.85 
.76 
.66 
.70 
.60 
.66 
.66 
.86 
.75 
.90 
.85 
.70 
.60 
1.26 
1.30 
1.10 

0.90 
1.60 
1.10 
1.06 
1.15 
1.70 
4.56 
4.25 
3.06 
1.45 
2.06 
1.90 
1.56 
1.60 
1.50 
1.50 

1 

1.60 
1.85  - 
2.00  ! 
1.90 
1.75 
1.55 
1.40 
1.40 
1.50 
1.50  ' 
1.50  ' 
1.50  ! 
1.50  ! 
1.50! 
1.50 
1.50 

17 

0.46 

.30 

.30 

1.66 

2.90 

2.35 

1.50 

.85 

1.10 

.90 

.96 

1.00 

.85 

.90 

1.06 
1.00 
.95 
1.15 
.62 
.60 
2.3U 
2.45 
1.75 
1.70 
2.55 
1.96 
1.15 
1.2U 
1.50 

1.30 
1.80 
6.50 
5.30 
5.31) 
4.45 
8.75 
2.0U 
6.35 
6.3) 
4.40 
3.55 
1.90 
1.TO 

L» 

2 

18 

L» 

3 

19 

1.S& 

4 

20 

21 

1.9 

5 

1.9 

6 

22 

28 

L» 

7 

LTS 

8 

24 

L7I 

9 

0.86 
.82 
.36 
.38 
.86 
.36 
.88 
.78 

25 

26 

\.m 

10 

\M 

11 

27 

La 

12 

28 

29 

1.9 

13 

L9 

14 

80 

15 

81 

16 . 

1 
1 

WEST  CANADA  CREEK  AT  MIDDLEVILLE,  NEW   YORK. 

A  description  of  this  station  will  be  found  in  Wat^r-Supply  Paper 
No.  35,  page  49.  In  the  past  the  principal  element  of  uncertainty 
with  regard  to  this  record  was  considered  to  be  the  leakage  of  the 
dam,  etc.,  which  had  been  taken  at  50  second-feet.  Current-meter 
measurements  were  made  on  September  10,  lOCK),  to  determine  the  leak- 
age of  the  dam  and  the  low-water  flow  of  the  stream  at  this  station, 
with  the  following  results: 

Second- 
feet. 

Highway  bridge  below  dam,  measured  flow  in  main  stream  channel .  113 
Measured  flow  in  hydraulic  canal 132 

Total  flow  by  current-meter  measurements 345 

The  calculated  flow  from  the  gage  record  is  as  follows: 

Second- 
feet. 

Flow  over  dam,  gage  reading  0.67  foot 60 

Leakage  previously  estimated  . 50 

Total  flow  in  main  channel 110 

Calculated  diversion  to  water  wheels 131 

Total  estimated  flow 241 

Unfortunately  no  current-meter  measurements  to  check  the  calcu- 
lated flow  during  high  water  have  been  made.  The  highest  water 
observed  was  in  August,  1808,  when  it  reached  a  depth  of  5.5  feet  on 
the  crest  of  the  Middleville  dam.  The  discharge  at  that  time  can  not 
accurately  be  estimated,  as  a  part  of  the  water  flowed  around  the  end 
of  the  dam  and  passed  overland  to  the  stream  channel  below.  Higb- 
water  marks  at  the  Newport  dam  indicate  that  the  spring  freshet  dis- 
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charge  has  been  as  great  as  22,000  second-feet,  or  46.6  (lecond-feet  per 
square  mile,  from  a  drainage  area  of  +72  square  miles.  The  lowest 
water  in  this  ytreain  occurs  on  Sundays,  when  the  flow  in  held  back, 
u  pond  storage,  by  dams  above  Middleville.  Aside  fn)ni  IhiM,  thu 
most  notable  low-water  period  was  September  2  to  12,  inelnsive,  ISllO, 
the  mean  flow  at  Middleville  for  eleven  days  being  183  second-feet 
per  square  mile. 


[Drainage  area.  BIB  eqaare  m 


Dmr 

Oct. 

Hot. 

Dec. 

777 

1 

i 

1.67V 

•i 

BIB 

a 

GW 



Day. 

Oct.        NnT.    ' 

i^:-^{}£;v-- 

•:ij   » 

X 

,.».  ..»| 

Mb3'.  Jone.  Jnlr.    Any.    Sapt. 


I.IW 

1,156 

"" 
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Daily  tUtcharge,  t 


Auk-     B 


•3.130 

a.ta) 


a  Ho  record  for  Pebrturr,  Mareb.  tai  April. 

MOHAWK  RTVKR  AT  UTTLR  TAUS,   NBW   TORK. 
This  gaging  statioo,  which  has  been  described  in  Water-Snpply 
Paper  No.  35,  pa^  51,  is  located  at  the  tower  (Gilbert's)  dam  at  Little 
Falls.     Current-metor  measurements  have  been  made  to  cheuk  the  cal- 
culated flows,  with  very  satisfactory  results.     They  are  as  foUows: 


Octobor  20  to  21,  189S,  at  snBpenwon  bridge  2  milM  below  Ldttle  Falls, 
W.  D.  Lockwood,  hydrograpber: 

Total  flow  by  cnrrent  meter    ___ 1,7BI 

Compated  flow  (mean  of  two  days) 1.7S 

Hay  1, 1900,  at  Bnspeiuioii  bridge  2  miles  below  Little  Falls,  R.  E.  Horton, 
hydrographer: 

Total  flow  by  carrent  meter 4,TJI 

Computed  flow  over  dam 4,060 

Compnted  diversioD  to  Gilbert'a  mill 183 

Computed  diveraioo  to  paper  mill 550 

Total  computed  flow  ._  4.7» 

Uay  38,  1900,  at  Aatronga  Bridge,  Little  Falls,  B.  E.  Horton,  hydrog- 
rapber: 

Total  flow  by  oorrent  meter 1,SH 

Competed  flow  over  dam 950 

Compnted  divetsiou  to  Oilbert's  miU 17B 

Compnted  diTeraion  to  paper  mill .,,,.,      406 

Total  compnt«d  flow l,!)l 
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DIvenioQ  to  paper  mill,  September  19, 1000: 

Meteed  flow  in  headrace 

Compated  flow  through  turbines,  etc. . . 


302 

288 


There  are  three  dams  at  Little  Falls.  The  two  lower  are  used  for 
water-power  development;  the  upper  one  is  a  State  dam,  diverting 
water  for  the  supply  of  Erie  Canal.  The  gage  record  kept  at  the 
lower  dam  shows  the  amount  of  water  flowing  downstream  from  Little 
Falls,  but  does  not  include  the  diversion  at  the  State  dam  above  the 
ga^ng  station,  and  hence  does  not  represent  the  total  yield  or  inflow 
from  the  tributar^'^  drainage  area  of  1,306  square  miles. 

Current-meter  measurements  were  made  in  the  feeder  channel  Inflow 
the  State  dam,  as  follows: 

Current-meter  measuremente  in  feeder  channel  beloio  State  (lam. 


Date. 


IKOU. 


May  23 

September  19 


Measured 
diverHion. 


Ki'cond-feet. 
143 
179 


Adding  the  foregoing  amounts  to  the  mean  daily  flow  at  Gilbert's 
dam  for  the  same  dates,  we  obtain  the  following: 

Volume  of  inflow  and  outflow  at  lAttle  Falls  diversion. 


Date. 


1900. 


Total  in- 
flow at  Lit- 
tle Falls. 


May  28 

September  19 


Seaynd-feet. 
1,596 
693 


Outflow  in 

main 

channel. 


Second-feet. 
1.453 
514 


Water  is  again  diverted  to  the  canal  at  Fivemile  dam,  l)elow  Little 
Falls.  On  November  3,  1900,  the  measured  flow  in  this  feeder,  at 
Lansing's  farm  bridge,  was  236  second-feet. 

High  water  occurred  at  Little  Falls  as  follows: 


High  tvater  at  Little  Falls, 


• 

Date. 

Depth  of 

water  on 

creetof 

dam. 

Voluine. 

Aiwill5,1899 

Feet. 
7.83 
8.21 

Sec./t.per 
Second-feet.      sq.  vtile. 
13,000                 10.0 

ADril20, 1900 

15,240              11.7 
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The  most  iiotnble  low-water. period  was  Au^st  3  to  August  10, 
incluaive,  1891t,  the  mean  flow  for  eight  days  being  only  120  second- 
feet,  or  0.07  Becond-foot  per  square  mile. 

DaUf  diitclutrge,  t»  teeond-fett,  of  Mohawk  River  at  Little  Falh,  AVto  York,  for  im. 


D»y. 

Sept. 

Ort. 

Ho,. 

Dec.                 E*7. 

Sept. 

,«. 

Not 

D« 

1 

IS 

IS 

f:Sl 

t.43) 
!).«» 
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DaUg  diadtarge,  in  tcond-feet,  of  Mohawk  River  at  Liiile  FailH,  New  Y<yrk.  for  litiio. 
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EAST  CANADA  CREEK  AT  DOLOEVILLE,  NEW  YORK. 

A  <Iencription  of  this  stntion,  together  with  the  estiiiiftted  daily  dis- 
charge as  originallj-  comi>iited,Jnne  U>  Dvoemlxir,  1S99,  will  be  foiuid 
in  Water-Supply  Piipor  No.  ;(5,  page  52.  A  new  rating  table  for  tin- 
dam  baH  been  prepared,  using  coeRu-ient'8  of  discharge  deriveil  from 
Freeman's  experiments  on  a  model  of  the  n)niid-creHted  poi'tion  of  the 
Crotou  dam,  which  apparently  coiresiKincls  closely  with  the  ogee  sec- 
tion of  the  Dolgeville  dam,  as  rcgai-ds  friction  on  tlie  crest,  vertical 
contraction  of  the  nappe,  and  siphouage.' 

In  computing  the  record  here  given,  the  new  rating  table  has  Txjen 
Oited,  beginning  June  1,  181*9.  The  flow  through  the  turbines  has 
also  been  computed  from  (.-urrent-moter  measurements  made  in  the 
tailrace  of  the  electric  power  plant,  insteiul  of  from  the  observed  head 
and  the  gate  oi>enings  of  tlie  water  whei^ls,  as  formerly.  The  ofToct 
of  these  changes  has  l>een  to  slightly  inerea»e  the  extreme  high-water 
and  low-water  flows,  the  estimat^^l  flow  for  mean  stages  remaining 
substantially  the  same. 


n  Now  York'*  Water  Sapply.  mule  to  Bird  S.  Coler,  ooMptroller  {l<)tll>,  by  Jobn 
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0PERATI0N8   AT   RIVES  STATIONS,    1900. ^PART  I.       ("atf. 


Current-meter  measurements  were  made  from  the  bridge  acroM 
the  taih^ace  below  the  power  plant,  as  follows: 

Current-meter  measurements  of  flow  in  tailrace  at  DoigevUle  eUctriC'Ught  and 

power  dam. 


Date. 


1900. 

May  22 

Jtdy27 

Jnly2i» 

An^^tU   


Qate  open- 
Plow  in  teil-    infTOfV- 
raoe.  '  inch 

wheels. 


Only  one  of  the  two  36-inch  Victor  turbines  was  running  in  each 
instance,  together  with  the  15-inch  exciter  wheel.  The  depths  of  gate 
openings  6f  the  36-inch  wheels  are  shown  in  the  foregoing  table.  The 
15-inch  exciter  wheel  ran  at  thirteen-hundredtlis  gate  in  each  case. 
TTie  head  on  the  wheels  was  72  feet.  Observations  of  the  wheel-gate 
openings  were  taken  at  the  beginning  and  end  of  each  test,  and  the 
average  is  given  in  the  table. 

The  results  of  the  current-meter  measurements  of  the  total  flow  of 
the  stream  have  been  given  in  the  general  table  on  page  39. 

The  relation  between  the  metered  and  calculated  flows  on  different 
days  is  shown  in  the  following  tables,  from  gage  readings  taken  at 
the  time  the  measurements  were  made: 

Current-meter  measurements  of  East  Canada  Greeks 


Date. 


1900. 

May  22 

July27 

Angust  7 


Flow  in  tail 
race. 


Second-feet. 
84 
76 
80 


Plow  over 
dam. 


Second-feet, 


376 

a28 


Total  flow. 


Secondfftt 
412 

452 

106 


a  Measured  in  stream  channel  above  i>oint  of  conflnence  with  tailraoe. 

Calculated  flow  of  East  Canada  Creek. 


Date. 


1900. 

May  22 

July  27 

Angnst  7 


CreBtgage 
reading. 


Feet. 
0.69 
.79 
.20 


Flow  over 
dam. 


Second-feet. 
282 
862 
29 


Plowintafl- 
race. 


Second-f^t. 
Si 
84 
78 


Total  flov. 


Second-feet. 
306 
446 
107 


In  the  first  two  cases  the  total  flow  wae;  measured  at  the  Dolgeville 
bridge  above  the  dam,  and  the  difference  between  the  observed  and- 
calculated  flows  in  the  first  instance  is  probably  due  to  pond  storage. 

The  accompanying  tables  of  mean  daily  flow  show  the  amount  of 
water  passing  down  the  stream  from  the  dam  each  day,  with  the  excep- 
tion of  Sundays,  for  which  the  flow  has  been  taken  as  a  mean  between 
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bhAt  of  the  preceding  aiul  following  days.  Damn  on  this  Btream  are 
DOt  numeroas,  nor  iB  there  extensive  pond  storage,  so  that  the  tables 
may  be  taken  as  a  fair  representation  of  the  natural  r^meii  of  flow. 
The  highest  water  observed  was  on  April  19,  1900,  when  a  depth  of 
1.5  feet  on  the  crest  of  the  dam  was  reached,  corresponding  to  a  flow 
of  5,750  second-feet,  or  23.6  second-feet  per  square  mile.  The  most 
QOtable  low-water  period  was  September  13  to  16,  inclusive,  1809,  when 
the  average  volume  of  flow  was  C7  second-feet,  or  0.3  second-foot  per 
sqnare  mile. 
Daiiy  diaeharge,  in  »eeoad-feet,  nf  Eaet  Canada  Crrek  at  DoigeoiUe,  New  York, 

foTissa. 
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Daily  discharge,  in  second-feet,  of  East  Canada  Creek  at  DoigeviUe,  New  York, 

for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jnly. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1    

264 

264 

288 

288 

300 

346 

•346 

410 

410 

372 

362 

318 

300 

•258 

264 

252 

240 

682 

546 

060 

♦1,704 

1.380 

1,144 

1,012 

820 

700 

604 

•508 

410 

346 

346 

531 

288 
288 
288 
•288 
288 
206 
264 
288 
HOO 
718 

•n8 

718 

3.759 

4,320 

2.467 

1.632 

1,2:12 

•939 

646 

562 

518 

540 

700 

662 

•470 

378 

346 

312 

252 

240 
252 

•287 
240 

•6B1 
794 
914 
914 
914 

1,476 

1,188 
800 
610 
474 

•410 
846 
474 
610 
800 
610 
546 

•454 
862 
342 
342 
288 
288 
288 

♦264 
240 
288 
288 
288 
276 
264 

[Si 

(«) 

(a) 

(a) 

(a) 

ta) 
Ml 
894 
372 
008 
827 

•643 
460 
406 
376 
394 
376 
335 

•304 
274 
256 
266 
2fiO 
246 
826 

•300 
274 
284 
294 
300 
300 
149 
1 ..--.. . 

•180 
112 
112 
115 
118 
152 
184 

•193 
800 
182 
167 
145 
132 
124 

•187 
150 
162 
202 
190 
158 
310 

•262 
194 
874 
686 
767 
428 
276 

•219 
162 

lie 

158 

126 

110 

111 

•98 

82 

89 

98 

108 

98 

87 

•111 

192 

306 

274 

250 

185 

167 

•1«3 

U2 

UO 

111 

142 

U7 

117 

•77 

92 

223 

136 

181 

151 

132 

•151 

129 

190 

167 

149 

157 

118 

•118 

73 

152 

142 

142 

136 

128 

•98  1 

117 

104 

95 

73 

196 

184 

•130 

154 

99 

(a) 

(a) 

(a) 

(a) 

•(a) 

U90 
185 
145 
144 

no 

116 

•100 

94 

99 

94 

86 

84 

84 

•81 

238 

2(B 

190 

186 

180 

185 

•158 

153 

in 

58S 
510 
322 
350 

•306 
288 
268 

(a) 

(a) 
242 
218 
•194 
243 
218 
242 
62! 
722 
582 
•432 
8R8 
(a) 
(a) 
(a) 
(a» 
(a) 

(a) 
1,0U6 
1,197 
1.148 
1,016 

713 
•1,146 
3,802 
3.164 
1.689 
1,128 

929 

fa) 

2 

•(«) 

3 

(a) 

4 

5 

(at 

6 

7 

192 
152 

1,626 
2.^1 

6U 

8 

192  •2.714 

6U 

9 

258 
340 
•321 
306 
270 
234 

1,374 
1.094 
1,002 
1.013 
1,020 
1.020 

•577 

10 

6U 

11 

279 

12 

13 

14 

2S( 

15 

16 

234  *1.197 
192     I.:i74 
152  '  1,928 
•173     4,626 
262     5,335 
306     4.017 

•a 

17 

18 

19 

G 
210 
215 

20 

345 

21 

22 

340 
340 
340 
840 
•340 
306 
282 
282 
306 
420 
468 

276 

4.842 
•4,368 
3,895 
3,005 
2,840 
2,355 
2,243 
1,586 
•1,608 
1,207 

SIS 
'      215 

23 

24 

25 

28 

•dti 
310 
438 
345 

27 

28 

29 

30 

31 

345 
317 
317 

SI 

1      ^^ 

Mean  . . . 

879 

2,066 

486 

870 

221 

144 

133 

196 

967 

3flB 

a  No  record. 


•Sunday. 


CAYADUTTA  CREEK  NEAR  JOHNSTOWN,  NEW  YORK. 

A  description  of  this  station  will  be  found  in  Water-Suppl}^  Paper 
No.  35,  page  53.  The  record  is  kept  at  the  dam  of  the  Johnstown 
Electric  Light  and  Power  Company,  1  mile  below  Johnstown.  Since 
the  establishment  of  the  station  standard  sharp-crested  gaging  weirs 
have  been  erected  by  Prof.  Olin  H.  Landreth^  C.  E.  One  of  these 
weirs  has  been  i)laeed  across  the  main  stream  above  the  head  of  slack 
water  from  the  dam.  A  second  weir  has  been  placed  in  the  tailrace 
below  the  power  house. 

During  the  summer  the  water  does  not  ordinarily  flow  over  the  dam, 
which  is  practically  tight,  but  the  entire  flow  passes  through  the  tur- 
bines. A  series  of  gagings  at  the  tsiilrace  weir  has  been  made  in 
order  to  determine  the  discharging  capacity  of  the  water  wheels  when 
running  under  different  conditions. 

Dams  are  located  at  frequent  intervals  along  the  stream,  and  dur- 
ing the  dry  season  the  amount  of  flow  from  one  to  another  is  largely 
controlled  by  the  water  wheels. 
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SCHOHARIE  CBKBK  AT  FORT  HUNTER,  NEW  YORK. 

Schoharie  Creek  risea  od  the  weatern  Blope  of  the  Catskill  Moan- 
tains.  In  its  lower  stages  it  flows  through  a  long,  flat  valley,  in  a 
stream  bed  covered  with  cobbles  and  gravel,  over  which  the  water 
finds  its  way  in  a  thin  sheet  during  the  dry  season. 

The  State  dam  at  Port  Hunter  is  near  the  mouth  of  the  stream,  and 
high  water  from  ^lohawk  River  backs  up  to  the  toe  of  the  dam.  The 
condition  existing  ikt  this  station  during  the  summer  months  haa  bees 
described  in  connection  witli  the  Mohawk  River  ga^^ng  stations, 
pi^  42.  A  record  has  been  kept  of  the  elevation  of  the  water  surface 
in  the  pond  above  the  dam,  and  also  in  the  channel  below  the  dam. 
The  average  difference,  or  head,  is  5.25  feet,  and  it  is  nearly  constant, 
except  when  water  falls  below  the  crest  level  above  the  dam. 

The  dam  is  of  timber  backed  with  gravel,  and  there  are  a  number 
of  leaks  above  the  gravel  line  2  feet  below  the  crest.  During  the 
summer  this  leakage  represents  practically  the  total  inflow  from 
Schoharie  Creek  to  the  Mohawk.  Current-meter  measurements  of 
the  leakage  were  made  below  the  Erie  Canal  aqueduct,  at  a  point 
where  the  entire  flow  is  concentrated  in  a  narrow  channel. 


NEW   YOBK. 


61 


Current-meter  mecumrements  of  leakage  of  Fort  Hunter  dam. 


Date. 


June  21... 
July  18... 


1900. 


Hydrogrmpher. 


R.  E.  Horton 
E.  D.  Walker 
do 


LeakaKe. 


Second'fert. 
30 
88 
44 


In  the  computation  the  leakage  of  the  dam  has  l)een  assumed  to  l>e 
35  second-feet. 

In  establishing  this  station  the  intention  was  to  maintain  a  record 
of  the  height  of  the  water  above  and  below  the  head  gates,  at  tlie 
entrance  to  the  canal  feeder,  from  which  the  effective  head  of  the 
gate  openings  could  be  determined  and  the  flow  computed  by  the  for- 
mula for  submerged  orifices.  During  the  dry  season  the  water  falls 
below  the  lip  of  the  gates  and  flows  in  an  open  channel,  making  this 
method  inapplicable.  In  recomputing  the  record  the  diversion  to  tlie 
canal  feeder  was  estimate<l  from  the  following  current-meter  measure- 
ments: 

Current-meter  measureinenta  of  flow  of  water  in  feeder. 


Date. 

Hydroffrapher. 

Measured 
flow. 

1900. 

Jane  21 

R.  E.  Horton 

Second-feat. 
112 

July  18 

E.  D.  Walker 

do.... 

76 

Anflra8t22 

78 

Inflow  to  the  Erie  Canal  is  controlled  by  gates  at  the  lower  end  of 
the  feeder  channel,  so  that  the  flow  in  the  feeder  is  not  directly  a 
function  of  the  stage  of  the  water.  Owing  to  the  uncertainty  of  the 
low- water  measurements,  this  station  was  abandoned  July  31. 

The  accompanying  tables  show  the  total  outflow  from  the  pond 
above  the  Fort  Hunter  dam.  A  table  of  the  flow,  as  originally  com- 
puted, allowing  315  second-feet  for  leakage,  will  bo  found  in  Water- 
Supply  Paper  No.  35,  page  55. 

The  drainage  areas  tributary  to  Schoharie  Creek  at  various  gaging 
stations  are  as  follows : 

Drainage  areas  of  Schoharie  Creek, 

Square  milen. 
Atmonth 947.0 

At  Erie  Canal  aqnednct 946.8 

At  Fort  Hunter  dam .  946.7 

At  Mill  Point  bridge 934.0 

At  Schoharie  Falls  dam 930.0 
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'HOHARIB  CREEK  AT  ERIK  CANAL  AQUEDUCT,  NEW   YORK. 

Erie  Canal  crusHCja  Schoharie  t^reek  between  the  Fort  Uunt«r 
nd  Mohawk  River.  A  fjagiug  statiou  was  cMtablished  nl  the 
jet  on  May  2,  1900,  by  Prof.  E.  T).  Walker.  A  current-meter 
rement  of  the  flow  through  the  archways  of  the  oanal  Jiqucduct 
ad©  by  liini  on  that  day,  the  result  being  a  discharge  of  1,357 
-feet,  with  a  gage  height  of  2.26  feet.  Owing  to  crosn  currents 
the  aqueduct,  the  conditions  are  not  favr)ral)le  for  meter  mea^- 
nts,  and  the  station  was  abandontnl  on  Dtttober  13.  The  reconl 
fly  of  interest  in  connection  witli  sloi>e  measurements  of  Mohawk 
described  elsewhere  (p.  42). 
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SCHOHARIE   CREEK   AT  HILL   POINT,    NEW  YORK. 

The  current-meter  station  was  established  at  the  Mill  Point  high- 
way bridge  on  July  5,  1900,  hy  Prof.  E.  D.  Walker.  The  stream  bed 
is  stony  and  fairiy  permanent.  The  channel  is  of  nearly  conatHiit 
width  at  all  stages  of  the  stream.  The  following  vurrent-met«r  meas- 
nrements  were  made  by  Ppofessor  Walker; 

July  5:  Gage  height,  0.64  foot;  diecharge,  87  seGond-feet 
August  22:  CUge  height,  0.70  foot;  dischargv,  14t  aacoDd-feat. 

Daily  gage  Iteight,  in  feet,  ofSchokarie  Civek  at  Mill  Point,  New  York,  for  1900. 
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SCHOHARIE  CEEEK   AT  SCHOHAEIB  FALLS,  NEW  YORK. 

A  dam  and  power  plant  have  Iwen  erected  by  the  Empire  State 
Power  Company,  of  AmatcrdaTn,  New  York,  at  Schoharie  Falls,  7 
miles  from  Amsterdam.  The  dam  is  of  masonry,  backed  with  timber, 
It  has  a  flat  crest,  nearly  level,  38()  feet  long,  1  foot  wide,  and  a  slope 
on  the  apstream  face  of  approximately  2^  to  1.  The  dam  was  com- 
pleted early  in  the  summer  of  1900,  and  a  record  of  the  depth  of  wat«r 
flowing  over  the  main  spillway  was  kept  by  the  engineers  of  the  com- 
pany from  July  18  to  December  31.     Some  furtht^r  data  are  needed. 
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lowever,  for  the  final  reduction  of  this  record,  which  is  i-eserved  for 
future  publication.  The  dam  is  about  1  mile  above  the  current-meter 
station  on  Schoharie  Creek,  at  the  Mill  Point  highway  bridge,  and  it 
B  the  intention  to  use  the  results  of  the  meter  measurements  made 
}here  in  the  preparation  of  a  calibration  curve  for  the  spillway  of 
^e  dam. 

Soon  after  the  completion  of  the  dam  a  weir  of  standard  form  was 
)laced  in  an  opening  in  the  water-power  canal  embankment,  at  a 
)oint  where  the  entire  flow  of  the  stream  could  be  concentrat-ed  so  as 
o  pass  over  the  gaging  weir.  The  weir  has  a  sharp  crest,  25  feet  in 
ength,  with  two  complete  contractions,  and  the  following  observa- 
ions  of  flow  were  computed  from  the  observed  depths  by  the  Francis 

ormula: 

Flow  over  weir  at  Schoharie  FaUs  dam. 


Date. 

Time  of 
measure- 
ment. 

Discharge. 

Date. 

Time  of 

measare- 

ment. 

Dlschargro. 

1900. 

11  a.  m. 
11  a.  m. 

5  p.  m. 
11  a.  m. 

5  p.  m. 
11a.m. 

5  p.  m. 
11  a.  m. 

Second-feet. 
86.2 
91.6 
91.5 
92.9 
92.9 
86.2 
91.5 
86.2 

1900. 

June  29 

5  p.  m. 
11  a.  m. 

5  p.  m. 
11  a.  m. 

5  p.  m. 
11  a.  m. 

5  p.  m. 

9  a.  m. 

Second-feet. 
86.2 

nne26 

Do 

June  80 

Do 

92.9 
92.9 

'ane27 

July  1 

92.9 

Do 

Do 

91.5 

rune  28 

July2 

Do   

91.6 

Do 

92.9 

rune  29 

Julys 

93.4 

" ••"^  »'-  •----• .--. . 

The  power  plant  at  the  dam  contains  two  double  horizontal  Samson 
lUrbines,  each  40  inches  in  diameter.  The  turbines  are  designed  to 
«rork  under  a  head  of  42  feet,  and  are  rated  at  1,800  horsepower  per 
jair.  A  wheel  similar  to  these  has  been  tested  at  Holyoke,  and  with 
ibe  rating  curve  established,  which  shows  the  proportional  discharge 
)f  the  wheels  for  various  depths  of  gate  opening,  the  turbines  can  be 
ised  as  water  meters  to  determine  the  flow  in  the  power  canal.  The 
plant  was  set  in  operation  about  January  1, 1901,  and  a  gaging  record 
js  being  kept,  which  shows  the  depth  of  flow  over  the  crest  of  tlie  dam 
ind  spillway,  the  discharge  through  the  flood  gates,  and  the  amount 
)f  water  used  by  the  turbines.  It  should  be  stated  that  this  stream 
s  subject  to  extreme  variations  of  flow,  and  that  the  weir  measure- 
uents  given  above  represent  unusually  low  water.  Plans  have  been 
uade  for  a  system  of  storage  reservoirs  to  conserve  the  entire  dis- 
charge of  the  stream  and  maintain  a  nearly  uniform  regimen  of  flow 
Jiroughout  the  year. 

MOHAVS^K  RIVER  AT  SCHENECTADY,  NEW  YORK. 

A  current-meter  station  at  Freeman's  tollbridge,  near  Schenec- 
iady,  was  established  by  Prof.  E.  D.  Walker  February  1,  1899,  and 

IRB  47—01 5 
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remftiiK'd  under  his  supervision  until  October  1, 1900.     A      ^^  ^ 
of  this  station  is  contained  in  Water-Sopply  '^^^^  ^°'  ^'yj^ff^a 
The  following  ciirrent-meter  measurementB  were  made  Of 
Walker: 

April  3. 189B:  Gage  height,  7.18  /eet;  dlachatge,  "'^"^^^feet. 
May  26, 1899:  Gage  height,  6.22  feet;  diacharge.  2,092  secou  ^^^ 
Jnne  30,  1899:  Gage  height,  5.S8  Teet;  diacharge,  «3  *^°La.teet- 
May  12,  1900:  G«(re  hright,  6.50  feet;  diachatge.  4.^  "^^  i^. 
Jnly  17, 1900:  Gage  height,  5.26  foot;  discharge,  Wfl  "««»^j.Ieet. 
Angi«t31,1900;  Gage  height,  5.40  feet;  dtachaxge,^''  ot^" 

A  rating  curve  for  the  cross  section  at  tbis  &tai\io^  ^ 


MOHAWK   RIVER  AT  KEXPOKI>   Pi^^tn 
This  station,  which  is  located  at  the  New  V    i, 
miles  below  Schenectady,  is  described  in  Wat         ^^te  f^^ 


page  57. 

The  accompanying  tables  of  daily  and  montbi 
the  amount  diverted  to  the  Erie  Canal.  Tbay  *i,  ^  ™***>  flow  j_ 
total  inflow  of  Mohawk  River  at  this  poin^  wh™if*^  '^^'^sent  th* 
greater  than  the  amount  which  passes  downstiJr'  ^  ''^''^Werabi 
during  the  season  of  canal  navigation.  Prior  to  i™  ^'°^  the  d.^ 
of  diversion  to  the  Erie  Canal  was  assumed  to  Ha  i  ^^  *'»oniit 
During  the  present  year  a  different  method  of  estimiif     *®*''">d-feei 


'•"""^^ 
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the  canil  has  been  used.     Current-meter  measurements  in  the  Rex- 
ford  Flats  feeder  gave  the  following  results: 

Ourrent'tneter  measurements  in  Rexford  Flats  feeder. 


Date. 

Hydrographer. 

Flow  in 
canal  feeder. 

October  27,  1888 

W.  D.  Lockwood 

Second-feet. 
128 

Jnne  25. 1900 

R.  K  Horton 

272 

These  results  were  compared  with  the  mean  rate  of  evaporation 
from  a  water  surface,  as  determined  for  several  years  at  Rochester,* 
and  it  was  found  that  an  apparently  constant  i*elation  existed  between 
the  two.  The  diversion  for  the  i*emaining  months  of  the  canal  sea- 
son has  been  estimated  from  the  observed  evaporation,  as  follows: 


Estimated  monthly  flow  in  Rexford  Flats  feeder. 


Second-feet. 


May... 
Jnne . . . 
July... 
August. 


200 
260 
290 
270 


September    220 

October .. 148 

The  flow  over  the  dam — that  is,  the  amount  of  water  passing  down- 
stream from  Rexford  Flats — compares  with  the  total  flow  as  follows: 

Table  showing  relation  of  flow  over  Rexford  Flats  dam  to  total  inflow  of  feeder. 


Month. 


1900. 

May 

Jane 

July 

August 

September 


Total  in- 
flow. 


Second-feet. 
2,857 
1,508 
1,447 
1,746 
981 


Plow  below 
dam  (inflow 
loss  diver- 
sion). 


Second-feet. 
2,657 
1,243 
1,157 
1,476 
761 


The  water  did  not  fall  below  the  crest  of  the  dam  during  tlie  sum- 
mer of  1900,  so  that  it  was  not  possible  to  make  measurements  of  the 
leakage,  or  a  new  profile  of  the  crest,  which  is  greatly  needed.  During 
high  water  for  several  days  of  the  year  1900  the  water  on  the  down- 
stream side  of  the  dam  rose  above  the  crest  level  and  the  dam  was 
completely  submerged.  Experiments  on  the  flow  over  a  similar  sub- 
merged weir  are  not  available,  and  the  high- water  flows  have  been 
taken  from  the  usual  discharge  curve.     On  the  morning  of  February 


1  See  annaal  reports  of  the  exeontiTe  board  of  the  city  of  Efcoohester,  1802  to  1809,  inclusive. 
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14,  1!«00,  the  water  attained  a  depth  of  9.S5  feet  od  the  crest  of  the 
dam,  eorreepoDdiDg  to  a  diflGhargeof55,700second-feet,orl6.5  second- 
feet  per  square  mile.  This  is  the  highest  water  observed  sinee  the 
record  watt  started. 

Daring  1900  the  following  discharge  measure ni en ts  were  madeh}' 
Prof.  E.  D-  Walker,  at  Freeman's  bridge,  3  miles  above  the  Rexforl 
Flatd  gaging  station: 

Hay  12:  Qage  height,  S.50  feet;  dijchargs,  4,135  second-feet. 

Jul;  IT:  Gage  bedght.  .i.36  feet:  diBcharge,  667  seccmd-feet. 

Angnat  21 :  Qage  height.  5.40  feet;  diecharge,  976  seoond-foet. 

Dailg  di»eharge,  in  aetMnd-ftet,  of  Mohawk  Stver  at  Sta^ord  Flats,  Aeir  Yorkjor 


[Dr»iii»c«  an*,  3.96  sqiure  mlkB.] 
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Flats,  JVeii-  York,  for 
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Note.— Records  for  October.  November,  uid  December  are  not  amllable  M  present. 
MOHAWK  KIVBK  NEAR  DDNSBACH  FEBRT,  NEW   YOKK. 

A  gaging  record  has  been  kept  at  the  dam  of  the  West  Troy  \Vat«r 
Company  near  Dnnsbach  Ferry,  A  miles  from  the  mouth  of  Mohawk 
River.  The  dam  is  of  masonry,  and  has  a  flat  granite  crt^nt  5.5  feet 
wide,  standing  0.75  foot  higher  at  the  (^rost  lip  than  at  the  upstream 
edge.  An  island  in  the  center  of  the  stream  divides  the  dam  into  two 
sections.  The  crest  of  the  right  wing,  at  the  nppor  end  of  the  island, 
is  380  feet  long,  with  an  average  elevation  of  174.15  feet.  The  crest 
of  the  left  wing,  at  the  lower  end  of  the  island,  is  280  foet  in  length, 
and  stands  at  an  elevation  of  from  173.4C  to  173.50  feet.  Openings 
which  existed  in  the  dam  during  a  part  of  the  time  the  record  has 
been  kept  should  be  tilken  into  consideration  in  computing  the  flow. 

The  crest  of  the  dam  at  the  present  time  stands  nearly  level.  The 
elevation  of  the  zero  of  the  crest  gage  is  172  feet.  Readings  are  taken 
twice  daily,  usually  between  ii  and  7  a.  m.  and  between  5  and  G  p.  m. 
The  mean  of  the  rea<lingB  taken  for  each  day  is  given  in  the  accom- 
panying table. 

In  the  adjacent  pumping  station  are  two  Eclipse  turbines,  built  by 
Stout,  Mills  (&  Temple,  of  Dayton,  Ohio.  One  is  68  and  the  other  72 
inches  in  diameter.  They  are  run  with  gates  wide  open,  under  a  head 
of  from  7  to  8  feet. 
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The  record  at  Dunsbach  Ferry  was  established  primarily  for  the 
purpose  of  checking  a  system  of  levels  which  were  run  for  the  United 
States  Board  of  Engineers  on  Deep  Waterways,  by  D.  J.  Howell,  C.  E., 
who  furnished  the  record  to  the  Geological  Survey.  No  record  was 
kept  from  April  1, 1899,  to  July  31, 1900. 

The  drainage  area  above  the  station  at  Dunsbach  Ferry  is  3,422 
square  miles. 

DaUy  gage  height^  in  feet,  of  Mohawk  River  near  Dunsbach  Ferry ^  New  York,  for 

1898. 


Day. 


I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

au 

21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 


Mar. 


7.60 
8.20 
8.40 
7.60 
6.40 
6.60 
6.60 
6.80 
6.60 
6.20 
6.40 
4.80 
4.80 
4.10 
3.80 
8.60 
3.60 
4.00 
4.80 
4.70 


Apr. 


4.00 
3.60 
3.20 
8.00 
2.80 
2.00 
2.60 
2.00 
2.60 
2.40 
2.40 
2.40 
2.40 
2.50 
2.60 
2.80 
3.00 
2.80 
2.70 
2.80 
a20 
3.80 
8.40 
4.70 
7.00 
6.80 
6.20 
6.00 
4.80 
8.70 


May. 

Jane. 

July. 

8.20 

3.00 

1.40 

8.10 

2.70 

1.00 

8.20 

2.40 

.60 

8.60 

2.40 

.40 

4.20 

2.40 

.20 

4.20 

2.20 

.00 

4.20 

2.00 

-.10 

3.60 

1.80 

-.10 

3.10 

l.TO 

-.10 

2.60 

1.70 

.21) 

2.60 

1.80 

-.80 

2.40 

1.80 

-.40 

3.60 

2.70 

-.60 

3.80 

8.40 

-.60 

3.40 

3.10 

—.00 

3.00 

2.90 

-.60 

2.80 

2.60 

-.80 

2.00 

2.20 

—.70 

2.40 

2.00 

-.70 

2.60 

2.00 

1.70 

2.00 

2.60 

2.20 

2.60 

2.80 

1.90 

2.40 

2.20 

1.70 

2.50 

2.00 

.80 

3.80 

1.80 

-.20 

4.80 

1.70 

.00 

5.20 

1.70 

1.20 

5.20 

1.60 

1.80 

4.00 

1.40 

1.60 

3.40 

1.40 

1.20 

8.29 

.60 

Aug. 


Sept. 


2.60 

6.50 

2.20 

2.70 

2.60 

3.601 

3.00 

2.40 

2.00 

1.00 

1.80 

1.60 

1.20 

1.00 

.90 

.80 
1.40 
2.40 
2.60 
2.90 
8.40 
2.90 
2.60 

aoo 

6.10 
6.40 
6.20 
4.00 
a20 
2.80 
2.80 


2. 
2. 
3. 
2. 
2. 


2.80 
2.40 
2.20 
2.20 
2.10 
2.20 
40 
60 
00 
70 
.30 
2.00 
1.80 
1.00 
1.40 
1.30 
1.80 
1.20 
1.20 
1.80 
2.20 
2.00 
2.00 
2.:f0 
3.00 
3.:i0 
2.80 
2.81 
2.60 
2.60 


Oct.     Nov.  !  Dec 

I 


2.40 
2.40 
2.40 
2.40 
2.60 
5.80 
4.20 
3.30 
3.20 
8.10 
2.80 
2.70 
2.70 
2.80 
3.00 
4.90 
4.80 
8.80 
a40 
8.30 
3.30 
a40 
4.00 
4.20 
4.00 
a80 
4.40 
6.40 
5.00 
4.80 
3.80 


aoo 

3.40 
3.20 
3.30 
3.00 

aoo 
aoo 
aoo 
a  10 
a30 

8.40 

aso 

5.60 
4.90 
4.40 
4.00 

aeo 
a60 
aao 

4.80 
4.30 

a  80 
a7o 
aso 
aso 
aso 
a5o 
aoo 
aoo 
aoo 


3.3) 

a  10 
aoo 
aoo 
a  10 
a  411 
aaD 
a» 
aao 
aao 
a  10 
aoD 

2.90 

2.80 
2.80 

aso 
aao 

2.80 
180 
2.80 

aoo 
ao 

4.40 
4.50 
4.20 

%.m 
aio 
aoo 

180 

aao 
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DaOp  gage  height,  in  feel,  of  Mohawk  River  near  Dwnrixtch  Ferry,  New  York,  far 
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INDIAN   RIVER   AT  INDIAN   LAKE  DAM,  NEW  YORK. 

Indian  River,  a  tributary  of  the  npper  Hudson,  has  a  precipitous 
forested  mountain  area  of  14U  square  miles  in  eastern  llainiltou 
County.  Id  1898  a  masonry  storage  dam  was  built  at  the  foot  of 
Indian  Labe,  replacing  the  lumbermen's  dam  which  wan  formerly 
there,  and  raising  the  level  of  the  artificial  lake  so  formed  i-i  feet. 
The  storage  capacity  of  the  present  lake  is  5,000,000,000  cubic  feet, 
the  area  of  its  water  surface  is  5,035  acres,  and  the  elevation  of  the 
spillway  crest  above  mean  tide  is  1,G50  feet.  The  dam  was  built  by  a 
federation  of  wat«r-power  users  on  Hudson  River,  in  cooperation  with 
the  State  of  New  York,  under  the  direction  of  Mr.  George  W.  Rafter, 
engineer  in  charge,  the  primary  object  being  to  store  flood  waters  f  i-om 
this  drainage  area,  to  be  turned  into  the  Hudson  during  the  low- water 
period  of  the  year,  thereby  equalizing  to  some  extent  the  flow  of  that 
stream.  Water  is  also  used  for  sluicing  logs  during  the  river  driving 
Reason.' 

Since  July  32,  1900,  a  gaging  record  has  been  kept  at  the  dam,  with 
a  view  to  determining  the  total  outflow  from  this  reservoir.  The  facts 
recorded  are  the  elevation  of  the  water  surface  in  the  resei-voir,  the 
depth  of  water  flowing  over  the  spillway  or  flashboards,  the  tiepth  of 
opening  and  the  head  on  the  main  and  subsidiary  logways,  and  the  depth 
of  the  opening  and  the  effective  head  on  each  of  the  5-foot  sluice  gates. 
These  data  enable  a  calculation  of  the  outflow  from  the  i-eservoir  to  be 
made,  and,  by  comparison  with  gaging  records  kept  on  Hudson  River 
at  Fort  Edward  and  Mechanicsville,  the  effect  of  storage  on  the  low- 
water  flow  of  the  latter  river  can  be  determined. 

A  meteorological  station  has  been  established  at  the  dam  by  the 
United  States  Weather  Bureau,  and  reconls  are  kept  of  the  rainfall, 
temperature,  etc.  The  regimen  of  flow  of  Indian  River  below  the 
dam  is  largely  artificial,  though  in  the  course  of  a  year  or  more  the 
total  annual  run-oft  of  the  drainage  area  will  appear  in  the  stream, 

■  BnfflDMrinit  Nom,  Mk;  IS,  UN. 


72  0PEBATION9  AT  KIVER  STATIONS,    1900. — PABT  I.       [»aff. 

and  it  is  hoped,  in  the  coarse  of  time,  to  determiDe  the  relation  between 
the  rainfall  and  nin-off  of  what  constitutes  a  rather  typical  Adiron- 
dack watershed. 

When  the  reservoir  is  full  the  excess  ol  inflow  passes  over  the  spiU- 
way,  which  has  a  level  crest  106.05  feet  long  in  the  clear.  To  facili- 
tate the  calculation  of  discharge  over  this  spillway  a  series  of  experi- 
ments was  made  at  Cornell  University  Jane  6,  1899,  on  a  fnll-sized 
model  of  the  spillway  sectiou  (6.5R  feet  long),  from  which  the  proper 
coefficients  of  discharge  have  been  determined.' 

The  discharge  through  the  two  5-foot  slaice  gates,  provided  for  the 
purpose  of  drawing  the  water  down  as  required,  is  calculated  from 
the  observed  head  and  from  the  area  of  the  lune-sbaped  gate  orifices 
by  the  ordinary  formula,  the  value  of  the  coefficients  of  discharge  to 
be  applied  being  checked  by  current-meter  measurements  made  at  a 
convenient  bridge  below  the  dam. 

A  meter  measurement  of  the  flow  at  this  point  on  October  19, 1900, 
showed  the  rate  of  draft  from  the  reservoir  to  be  451  second-feet,  both 
sluice  gates  being  wide  open  and  under  an  effective  head  of  11  feet 
A  measurement  of  Hudson  River  at  Mechanicsville,  made  on  the  after- 
noon of  the  following  day,  October  20,  showed  the  total  flow  at  that 
point  to  be  1,871  second-feet. 

The  following  table  shows  the  stage  of  the  Indian  Lake  reservoir 
during  the  year  1900,  the  depth  being  measured  from  the  base  of  the 
invert  of  the  5- foot  discharge  tunnels,  also  the  estimated  storage  capac- 
ity of  the  reservoir  at  different  depths: 

Estimated  storage  capacity  of  Indian  Lake  reaervoir. 
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SCHfiOON  RIVER  AT  WARRENSBURO,  NEW  YORK. 

A  gaging  record  was  established  at  the  dam  of  the  Schroon  River 
Pulp  Company,  2  miles  below  Warrensbnrg,  by  George  W.  Rafter, 
member  American  Society  of  Civil  Engineers,  November  1,  1895,  in 
connection  with  the  npper  Hudson  storage  surveys.*  The  conditions 
at  the  Warrensbnrg  gaging  station  are  somewhat  peculiar.  During 
ordinary  water  an  attempt  is  made  to  turn  the  entire  flow  of  the 
stream,  less  leakage,  through  the  water  wheels,  which  run  24  hours  a 
day,  Sundays  excepted.  This  is  accomplished  by  the  use  of  flash- 
boards  and  by  draft  from  the  storage  impounded  by  the  Starbuck- 
ville  dam.  During:  extreme  low  water  the  mill  is  shut  down  altogether. 
As  a  rule,  no  water  passes  over  the  dam  at  this  time,  the  entire  flow 
leaking  through.  A  balance  is  maintained  between  the  inflow  and 
the  outflow  by  fluctuations  in  the  pond  level,  thereby  varying  the  pond 
storage  aiid  also  the  head  on  the  leaks.  As  no  record  is  kept  when 
the  mill  is  not  running,  it  has  been  necessary  to  estimate  the  low- water 
flow,  which  was  taken  at  150  second-feet  in  1899,  this  being  the  assumed 
leakage  of  the  Starbuckville  dam.*  The  apparently  uniform  regimen 
of  the  stream  during  considerable  periods  may  be  accounted  for  as 
the  result  of  draft  and  stoi'age  from  the  Starbuckville  dam. 

A  current-meter  measurement  of  the  leakage  of  the  dam,  flume,  and 
flashboards  at  the  Schroon  River  Pulp  Company's  mill  was  ^ade  on 
August  9, 1900,  in  the  open  channel  about  a  half  mile  below  the  dam. 
The  flow  at  that  point  was  found  to  be  285  second-feet,  which  amount 
has  been  taken  as  the  low-water  flow  and  leakage  during  the  present 
year  (1900).  The  dam  is  of  timber,  and  was  considered  nearly  water- 
tight when  built,  but  there  is  evidence  that  the  leakage  has  increased 
year  by  year. 

The  flow  over  the  dam  without  flashboards  has  been  taken  from  a 
diagram  deduced  from  experiments  made  at  Cornell  University  on  a 
weir  having  a  similar  cross  section.  The  flow  over  the  flashboards 
has  been  calculated  by  means  of  Francis's  formula,  with  a  constant 
coefficient  of  3.33. 

>  Ann.  Rept.  State  Engineer  and  Surveyor  of  New  York,  1895,  p.  118;  also  Water-Snpply  and 
IrrigatioD  Paper  U.  S.  Oeol.  Survey  Na  36,  p.  58. 

*  Report  on  a  water  supply  from  the  Adirondack  Mountains  for  the  city  of  New  Tork«  by 
Geo.  W.  Rafter:  Rept.  of  Merchants'  Association  of  New  York  on  the  water  supply  of  the  city 
of  New  York,  p.  337. 
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Daily  diackarge,  in  »econd-feet,  of  Schnxm  filter  at  Warrenaburg,  New  York,  /iff 
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HUDSON  RIVER  AT  PORT   EDWARD,  NEW  YORK. 

This  station,  locitted  at  the  dam  of  the  International  Paper  Company, 
was  established  in  1895,  by  Gteorge  W.  Rafter,  member  American 
Society  of  Civil  Engineers,  in  connection  with  upper  Hudson  storage 
surveys.  The  dam  is  of  timber,  on  slate  rock  foundation,  and  lias  but 
little  leakage.  The  crest  is  straight,  very  nearly  level,  and  587.6  feet 
in  length.  The  zero  of  the  crest  gage  stands  at  the  level  of  the  lip  of 
the  dam  proper.  Flashboards  from  15  to  18  inches  in  height  are  usu- 
ally maintained  on  the  dam.  A  record  is  kept  of  the  heif  ht  of  the  flasli- 
boards  and  of  the  times  of  their  setting  and  removal. 

In  the  adjoining  mill  there  are  02  water  wheels,  nearly  all  of  mod- 
em types,  which  have  been  tested  at  the  Holyoke  flume.  A  record  is 
kept  of  the  daily  run  of  each  wheel,  in  hours,  as  well  as  of  the  work- 
ing head,  which  usually  is  19  feet.  The  discharge  through  the  tur- 
bines is  estimated  from  diagrams  expressing  the  flow  as  a  function 
of  the  working  head  and  the  number  of  wheel-hours  run. 

In  the  winter  of  1896-97  a  flood  spillway  was  cut  around  the  south 
end  of  the  dam,  over  which  the  water  flows  whenever  it  reaches  the 
level  of  the  crest  of  the  flashboards.  The  profile  of  the  spillway  is 
very  irregular,  and  causes  some  uncertainty  in  the  calculated  flows 
during  high  water. 

When  the  flashboards  are  off  the  flow  is  computed  by  means  of  the 
East  Indian  Engineers'  formula;^  when  they  are  on  the  flow  is  com- 
puted by  Francis's  well-known  formula  for  sharp-crested  weir.  Dur- 
ing the  dry  season  little  water  passes  over  the  dam,  the  entire  flow 
being  employed  to  drive  the  turbines.  A  current-meter  measure- 
ment was  made  at  the  highway  bridge  below  the  dam  on  July  26, 19()0, 
and  the  flow  was  found  to  be  2,704  second-feet. 


*  Mnllin'B  Irrigation  Mai.  oal. 
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Daily  ducharge,  in  second-feet,  of  Hudson  River  at  FOrt  Edward,  JWne  York,  for 
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HUDSON  RIVER  AT  MECHANIC8VILLE,  NEW   YORK. 

A  record  of  the  flow  of  Hudson  River  at  Meehanicsville  has  been 
kept  by  the  Duncan  Company  since  December,  1888.  The  record 
includes  two  daily  readings  of  the  depth  of  water  on  the  crest  of  the 
dam  and  a  continuous  record  of  the  water  wheels  in  the  adjoining 
pax>er  mill.  The  accompanying  tables  give  the  daily  mean  flow  at 
Meehanicsville,  computed  by  Mr.  R.  P.  Bloss,  the  engineer  of  the 
Duncan  Company.  A  record  is  kept  of  the  length  and  height  of  the 
flashboards  at  all  times,  with  the  dates  of  their  setting  and  removal. 

The  flow  over  the  dam  has  been  computed  by  the  Francis  formula 
forthe  Merrimacdam,  Q=3.0l  LH^'^^  i  being  794  feet.  The  same 
formula  has  been  used  in  all  cases,  whether  flashboards  are  on  or  off. 

The  flow  through  the  water  wheels  has  been  taken  from  the  rating 
tables  of  the  manufacturers.  The  working  head  on  the  wheels  varies 
from  15  to  17  feet,  depending  on  the  condition  of  the  flashboards  on 
the  dam.  A  test  made  by  Mr.  Bloss  of  a  39-inch  Hercules  wheel  in 
the  mill,  which  has  been  in  use  about  eight  years,  shows  the  actual 
discharge  to  be  substantially  the  same  as  that  given  in  the  manufac- 
turers' tables  when  running  at  the  speed  of  greatest  efliciency .  When 
running  at  higher  speeds  the  discharge  may  be  several  per  cent  less. 

A  current-meter  measurement  of  the  flow  below  the  dam  was  made 
at  the  Meehanicsville  toUbridge  October  20,  and  showed  a  discharge 
of  1,871  second-feet.  The  result  is  somewhat  uncertain,  however, 
owing  to  slack  water.  No  water  was  flowing  over  the  dam,  and  the 
calculated  turbine  discharge  was  1,977  second-feet. 

The  flow  of  Hudson  River  at  Meehanicsville  has  been  calculated 
by  George  W.  Rafter,  member  American  Society  of  Civil  Engineers, 
using  the  East  Indian  Engineers'  formula  for  flow  over  dam.*  This 
formula  gives  a  somewhat  greater  discharge  than  that  obtained  by 
using  the  Francis  formula  for  the  Merrimac  dam. 


>  Rept.  Stato  Eng^ineer  and  Surveyor  of  New  York,  1895,  p.  106;  also  Water-Snpply  and  Irriga- 
don  Pftper  U.  S.  Oeol.  Survey  No.  2^  p.  78 
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Daily  dtacharge,  in  second-feet,  of  Hadaon  tHoer  tU  MechanieavtOe,  New  York,  for 
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Daiijf  ditcharge,  >»  seanid-fwl,  o/  Hudson  Itiver  at  MechanietvOlt,  New  York,  for 
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CROTON  RIVER  AT  OLD  CBOTON  DAM,  NBW   YOBK. 

Records  of  the  yield  of  the  Croton  watershed  have  been  prepared 
by  the  engineera  of  the  aqueduct  commission.  Tables  of  the  monthly 
discharge  of  the  river,  in  second-feet,  for  the  yeant  1870  to  18'J8,  inclu- 
eive,  were  printed  in  the  Twentieth  Annual  Report,  Part  IV,  page  83, 
and  in  the  Twenty-first  Annual  Reiwrt,  Part  IV,  page  75,  is  a  table 
of  the  rainfall  and  run-off  of  the  watershed  for  the  years  184>8  to  1899, 
inclusive.  The  following  table,  furnished  by  Mr.  W.  R.  Ilill,  chief 
engineer  of  the  aqueduct  (iommission,  is  the  record  for  1900.  The 
figures  of  rainfall  are  those  obtained  at  Boyds  Corners,  iu  Croton 
Basin. 
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Eatimated  monthly  dixcharge  of  Croton  River  at  old  Croton  datn.  Sew  Yorkjvr 

1900. 

[DrKluage  mmt,  398  annmra  mUaa.) 
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DBLAWAKE  BIVBR  AT  LAUBEBTTILLB,  NEW  JKBSET. 
This  slatioii,  which  was  establishea  July  23,  18«7,  by  E.  G.  Paul,  is 
described  in  Water-Supply  Paper  No.  35,  page  62.  The  results  of 
measuremente  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  77.  During  1900  the  following  measurements 
of  discharge  were  made  by  Mr.  Paul: 

Ha7  22:  Qage  height,  5.10  feet;  diecharge,  17,760  second-feet 
September  37:  Gage  height,  3.K)  feet;  diucbat^,  1,834  second-foot. 
Daily  gage  Iteigkt,  infeet,ofDelawaivRiverat  LambertvUle,  New  Jeraef/,  for  IWX 
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TOHICKON  CREEK  AT  POINT  PLEASANT,  PENNSYLVANIA. 

3  stream  is  described  in  the  Twentieth  Annual  Report,  Part  IV, 
98,  which  also  contains  (pages  98-103)  the  figures  for  monthly  flow 
le  years  1890  to  1898.  Figures  for  daily  flow  for  1899  were  pub- 
l  in  Water-Supply  Paper  No.  35,  page  64.  In  the  Twenty-first 
lal  Report,  Part  IV,  pages  83  to  85,  will  be  found  the  monthly  fiow 
J09  and  diagrams  of  the  discharge  from  1883  to  1899,  inclusive, 
following  tables  give  the  figures  for  daily  flow  since  1883,  when 
ation  was  established,  from  which  the  diagi'ams  were  constructed, 
records  of  gage  heights  were  not  kept  during  1900.  The  average 
hly  discharge,  which  will  appear  in  the  Twenty-second  Annual 
rt,  Part  IV,  has  been  computed  by  Mr.  John  E.  Codman, 
)grHpher  of  the  water  department  of  the  city  of  Philadelphia, 
the  rainfall  and  the  monthly  flow  of  Neshaminy  and  Perkiomen 

8. 

Uncharge f  in  second-feet ^  of  Tohickon  Creek  at  Point  Pleasant,  Pennsylvania, 

for  1883. 
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Daily  diatAarge,  in  teeotuUfeet,  of  Tohiekon  Creek  at  Point  Ptetuant,  Penttayltxmia, 
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Dailjf  dUcharge,  i 


^,. 

Jm. 

,.^. 

Uar. 

Apr. 

«„ 

IniH. 

M,. 

Aug. 

Sept. 

-1 

Noi.ll>» 

1 
1 

IS 

1 
li 

lU 

'i 

S8 

1 

1 

1 
s 

SB 

60 

48 
Ml 

1 

M 

U 

i 

i 

77 

i:a 

i.ae 

-42 
371 

^s 

I,SS8 

an 

1 

i 

i 

S3 

at 

to 

41* 

I 

as 

85 

1 

1 

1 

1 
il 

i! 
1 

i 

11 

T 

28 
W 
S4 

is 

! 
I 
1 

1 

13 

1 

3i 

1 

ao4 

1 

■410 

1 

i 

i 

1 
1 

3 
S 

i 

l.tK» 
9B 

£3 

14 

1 
1 

i 
...1 

SB 

1 
1 

le 

'1 
i 

33 
SIS 

1 

K 

? 

i 

Meui .— 

<■ 

•35 

480 

" 

K 

1. 

2» 

IB 

M 

-•"1 " 

D.T. 

Jan. 

40 
16T 

aao 

2B8 
K! 

4e 

IS 

4tt 

ii 

l,2il 

1 

1 

Feb. 

M»r. 

Apr, 

«.,. 

June. 

jtiir. 

Aa,. 

Bept 

Oet. 

'How 

Dk. 

i 

as 

•1 
1 

i 

1 
J 

sat 

<e 

1 

an 

1!5 
TO 

40 

4U 

i 
'1 

1 

i 

37S 

i 

en 

s 

4 

3M 

1 

1 

i:!8 

57 

iia 

TO 
W 

W 

S 

i 

4S 
40 

S3 

i 
i 

ID 

s 

\ 

0 

i 

1 
1 

fit 

i 
I 

i 

i 

■a 

1 

1 

! 

1 

4 

3 

1 

« 

i 
! 

1    . 

1 
£ 

a; 

s 
1 

33 
» 

'i 

148 

en 

? 

Mmu.-.. 

IHUl      S»7 

m 

"= 

411 

167 

m 

u 

" 

1 

10 

» 

PKHN8YLVAHXA. 


89 
Fenntplvania, 


\    Apr.     Mar-  Juoe.   July. 


D.J. 

J«. 

Feb. 

Mu-. 

Apr, 

M>y. 

June. 

Jnlr. 

Aug. 

i 
1 

s 

1 

u 

1 

SG0 

1 

Sept. 

!! 

U8 

1 

aiu 
aM 

IBS 
M 

3* 

1 

230 

1 

t 

IB 

s 

i 
i 

isi 

40 

1 

* 

1 

3S 

i 

o» 

.1 

1 
1 

i 

1 

m 
lea 

118 

,.Si 

1,000 

..i 
i;(iM 

1 

1 
1:| 

1 
"1 

m 

1.807 

1 
1 

70 

eg 

1 
S 

38 

1! 

HI 

1 

1 

1 

1 

1 

i 

1 

1 
3T 

1 

IS 

1 

^ 

5:::::::r...::: 

ae 

U — 

3! 

M«n— . 

.„ 

ua 

m 

1« 

tz 

^ 

' 

» 

*n 

" 

" 

... 

90  OPERATION8    AT   BIVEE   BTATI0N8,   1900. PART   I.        [no.*!. 

NE»QAHINY  CBEBK,  PENNSTLVANIA,  BBI/)W  THE  FORKS. 
Thiti  station,  which  was  established  in  1884,  is  described  in  the 
Twentieth  Annual  Report,  Part  IV,  jiages  103  and  104.  The  same 
report  contains  also  (pages  104  to  108)  the  figures  for  monthly  flow  for 
the  years  1890  to  1898,  inclusive,  as  well  as  digrams  of  discharge  for 
the  same  period.  Water-Supply  Paper  No.  35  contains,  on  page  65, 
a  table  of  daily  discharge  for  1899.  The  results  by  mooths  and  a  dia- 
gram of  the  daily  discharge  for  that  year  are  given  on  page  8i>  of  the 
Twenty-first  Annual  Report,  Part  IV.  The  following  tables  give  the 
daily  dischai^  of  this  stream  from  1884  to  1900,  inclusive. 
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Daily  dtnehargt, in  neeond-feet.of  Neahaminy  Creek, Pmn»ifivania,b^orDlheforki, 
for  1886. 
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Daily  discharge,  in  aeeoiut-fMi,  of  Neshaviinp  Creek,  Penn^lvani 
for  1387. 
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Daiiy  diteharf/e,i7i  seoond/eet, of  Nemhaminy  Creek,  Piennayl^xmia, 
for  1888. 
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Daily  discharge,  tit  second-feet,  of  Neshaminy  Creek,  Fentui/tvania,  beloto  the  fork». 
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sufi 

1 
1 

1 
I 

MS 

i 
M 

I! 

BO 

i 

i 
J 

— ~ — 

s 

B 

ii 

g 

~-l 

Heu... 

MB 

m 

BM 

^ 

asB 

A«B. 

O.pl.1 

„Y 

'? 

5sf 

1 

£ 

•^ 

11 

& 

Iff 

J 

80 
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PENNSYLVANIA. 

Daily  discharge,  in  second' feet,  of  Neshaminy  Creek,  Pennsylvania,  below  Oiefoi 

for  1894. 


Day. 

Jan. 

107 

100 

](N) 

89 

1»8 

130 

136 

116 

105 

97 

88 

88 

88 

76 

73 

88 

92 

82 

78 

81 

79 

88 
88 
OH 
80 
75 
88 
67 
108 
188 

95 

Feb. 

Mar. 

198 
227 
882 
9% 
776 
777 
608 
416 
313 
291 
277 
243 

:«o 

.355 
171 
178 
171 
144 
144 
141 
136 
179 
571 
279 
194 
182 
159 
131 
149 
164 
162 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

7 

8 

8 

6 

6 

6 

6 

857 

1,347 

102 

106 

73 

36 

28 

28 

23 

19 

1,001 

3,197 

797 

246 

148 

111 

91 

81 

81 

62 

46 

48 

40 

Oct. 

Nov. 

r 

1 

115 

110 

90 

58 

60 

58 

57 

60 

1.063 

757 

517 

267 

lU 

164 

130 

250 

114 

1,630 

1.990 

1,185 

608 

309 

366 

287 

204 

106 

147 

200 

128 
110 
97 
111 
189 
142 
112 
116 
114 
113 
146 
363 
1,521 
K13 
490 
308 
239 
198 
174 
166 
188 
418 
2Jn 
186 
150 
141 
122 
114 
109 
105 

97 

86 

98 

95 

80 

68 

76 

80 

68 

57 

43 

39 

:» 

42 

46 

39 

36 

36 

36 

685 

9,012 

4,086 

SZi 

3,779 

1,633 

632 

277 

2,893 

2,086 

663 

448 

368 

286 

247 

233 

231 

280 

315 

235 

194 

161 

144 

130 

127 

127 

116 

07 

92 

94 

87 

77 

72 

69 

60 

51 

61 

82 

89 

60 

46 

66 

68 
43 
37 
34 
36 
166 
177 
76 
61 
40 
34 
% 
34 
29 
26 
101 
212 
60 
31 
31 

23 
21 
26 
29 
27 
22 
22 
19 
19 
44 

32 
19 
400 
145 
48 
31 
56 
61 
28 
14 
16 
16 
67 
82 
24 
28 
20 
16 
11 
16 
22 
22 
11 
16 
13 
14 
14 
10 
8 
7 
7 

41 

40 

47 

41 

46 

71 

65 

43 

34 

41 

1,715 

3K) 

173 

164 

250 

\TZ 

110 

106 

00 

78 

72 

63 

59 

50 

60 

300 

233 

125 

93 

82 

70 

700 

180 

428 
196 
1,371 
640 
860 
866 
245 
342 
464 
313 
258 
198 
170 
175 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

ii5""'"""*;;.! 

14 

1 

15 

16 

165  ' 
140 

17 

IH 

10 

170 
227 
176 
145 
150 
170 

20 

21 

23 

154 

24 

152 
143 
125 
130 
112 
108 
96 

25 

an 

27 

28 

29 

30 

31 

' 

Mean  ... 

37 

328 

250 

896 

143 

62 

284 

296 

Dailtj  discharge,  in  second-feet,  of  Neshaminy  Creek,  Pennsylvania,  belong  thefot 

'for  1895. 


Day. 


1 

2 

3 

'>4 

5 
6 
7 
8 
0 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
30 
21 
2a 
23 
34 
25 
26 
27 
28 
29 
30 
31 


Mean .. 


Jan. 

Feb. 

Mar. 
1,217 

Apr. 

May. 
192 

June. 

155 

156 

160 

46 

98 

98 

1,019 

249 

146 

42 

117 

106 

584 

367 

118 

82 

98 

147 

sa3 

281 

98 

95 

98 

201 

476 

163 

87 

96 

156 

189 

266 

142 

88 

167 

a57 

176 

nsi 

124 

88 

126 

891 

176 

1,631 

2,542 

82 

66 

818 

176 

094 

3,234 

74 

41 

579 

188 

594 

584 

72 

38 

2,289 

188 

605 

359 

63 

41 

830 

176 

273 

280 

66 

48 

650 

176 

723 

061 

66 

134 

349 

188 

1,632 

756 

76 

146 

296 

178 

306 

338 

78 

62 

296 

177 

292 

258 

71 

44 

295 

176 

240 

204 

69 

36 

160 

182 

376 

182 

68 

34 

ISO 

201 

625 

168 

47 

81 

164 

242 

626 

152 

41 

28 

188 

323 

287 

136 

66 

26 

191 

386 

368 

130 

88 

26 

166 

386 

258 

130 

71 

31 

150 

258 

292 

118 

48 

29 

120 

242 

446 

107 

41 

26 

2.058 

287 

460 

101 

89 

49 

470 

368 

247 

127 

166 

89 

208 

006 

218 

261 

225 

202 

178 

190 

160 

106 

106 

178 

160 

187 

•  63 

78 

178 

149 

48 

412 

337 

516 

417 

84 

68 

528  , 
148 

74 

69 
664 
616 
202 
115 

92 

73 

49 

44 

48 

40 

36 

39 

48 

48 

39 

26 

19 

32 

39 

30 

36 

28 

24 

21 

18 

26 

81 


106 


37 
20 
18 
1,325 
536 
94 
54 
43 
34 
29 
30 
71 
70 
40 

:» 

22 
22 

17 
13 
19 
20 
14 
13 
10 
9 
9 
13 
13 
11 
10 
10 

81 


Nov. 


I 

6 
6 
6 
6 
6 
6 
5 
6 
7 
8 
7 
7 

i 

6 
5 
5 
5 
6 
6 
4 
6 
6 


37 


6 

31 

4 

30 

<) 

15 

5 

17 

5 

16 

5 

17 

6 

13 

1 

11 

1 

0 

1 

8 

8 

4 

16 

0 

30 

8 

34 

8 

37 

0 

•»•> 

m     1 

MW 

1 

10 

7 

15 

13 

13 

0 

8 

10 

7 

0 

6 

4 

5 

8 

5 

1 

5 

11 

5 

34 

5 

28 

6 

18 

6 

15 

0 

10 


14 


PENNSYLVANIA. 


Day. 

J... 

p.». 

Var. 

Apr, 

JUr. 

June. 

JnlT. 

A„. 

Sept. 

c 

1 

i 
1 

IBB 
l.'S 
W3 
«U 
W8 
2,986 

'i 
s 

1 
1 

1 

sea 

i 

387 

1 
1 

IS 

i 
i 

88 
90 

1 
■■1 

ISO 

Si 

64 
ISl 

1 
;: 

Dfi 

1 

S 

574 

1B3 
IHS 

B 

1» 

140 

3Wi 
3,U3 

3U3 

i 

mi 

1 

1 

1 
1 

34 

i 

1 
i 

1 

i 

as 

X 

1 

15 

11 

w 

1 

1 

1 

■ 

i 

* 

.J. 

£9 

Mmu  .... 

3T4 

ue 

m 

311 

4U 

M 

23 

1M'        12 

Mb;,    June.  Jolf.    Aug.    H«pt. 


1,37^ 

1:8 


OPERATIONS    AT   BIVEB   STATIONS,   1900. PABT 


D«x 

Jan. 

Feb, 

M»r. 

Apr- 

M.y. 

June. 

July. 

Aug. 

>w. 

Oct. 

Ikot. 

^ 

S 

18 

i 
S 

313 

J 

1 
1 

H 

lee 

\m 
2.au2 

!:| 

i 

1 

!,S7S 

■s 

i 

a>] 

1 

1 

1 
1 

il 

ft 

'i 
1 

i 

i 

4 

lor 

JflBD 
130 

S 

ISO 

s 

58 

4; 

1 

1 

1 

38 
It 

! " 

l.SI 

31 

Si 

K 

1 

n 

XI 

if 

il 

10 

1 

M 
U 

30 

f 

T 

r 

IS 

1 

i 

s 
s 

J 

1 

1 

i, 

I 
1  1 

s 

1 
i 

1 

1 

i 

10 

i 

ID 

I 

3 

I 

s 

s 

IS 

(1 
s 

3 
13 

1 

1 

» 

am 

71 

M 

i 

E 

Mwi.... 

as 

«« 

"" 

158 

m 

m 

*T 

" 

" 

IS 

K 

« 

PERKIOHSN  CBBBK  AT  FREIDBRICK,   PENNSYLVANIA. 

MeHSurements  of  this  creek  vrere  begun  on  August  20,  1884.  The 
station  ia  (l"8cribed  in  the  Twentieth  Annual  Report,  Part  IV,  pag^ 
8!)  and  90,  followed  by  tables  of  monthly  flow  for  the  years  1890  to  1899, 
inclusive.  Water-Supply  Paper  No.  35  contains  tables  of  the  daily 
(lisohai-ge  for  the  entire  period  from  1884  to  1899,  inclusive.  Dia- 
gniins  of  daily  discharge,  constructed  from  these  tables,  were  pub- 
lished in  the  Twenty-flrst  Annual  Report,  Part  IV,  pages  7»  and  St^t, 
and  Hgures  for  the  monthly  flow  for  1899  on  page  78  of  that  report. 
The  following  i-eeords  of  daily  discharge  for  1900  are  furnished  by 
Mr.  John  E.  Codman,  hydix^rapher  of  the  water  department  of 
Philadelphia. 
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Daily  discharge^  in  second-feet,  of  Perkiomen  Creek  at  Frederick,  Pennsylvania, 

for  1900, 


Day. 

Jan. 

Feb. 

168 

178 

178 

188 

3,606 

772 

284 

1,505 

1,870 

198 

198 

198 

3,112 

772 

284 

203 

198 

188 

108 

158 

146 

2,601 

1,984 

615 

442 

375 

389 

360 

Mar. 

1 

Apr.. ' 

148  ' 

158 

148  , 

138 

133 

123 

115 

98 

93 

93 

88 

135 

163 

183 

101 

08 

145 

882 

915 
105 

178 

173 

158 

188 

115 

03 

84 

84 

84 

May. 

Jnne. 

52 
55 
55 
46 
52 
52 
46 
49 
44 
23 
43 
63 
54 
52 
55 
54 
51 
46 
46 
49 
49 
46 
46 
87 
84 
88 
41 
46 
41 
86 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec 

1 

52 

53 

43 

35 

32 

30 

38 

36 

43 

41 

64 

2,071 

460 

123 

108 

135 

138 

101 

128 

2,343 

1,147 

358 

249 

106 

185 

203 

188 

178 

168 

158 

158 

860 
1,648 
1.212 
371 
190 
342 
36^ 
219 
208 
188 
193 
208 

ai8 

208 
219 
255 
260 
260 
267 
099 

273 

103 
178 
168 
158 
133 

ir 

84 

80 

102 

110 

84 

60 

56 

63 

67 

75 

63 

58 

52 

56 

63 

58 

58 

58 

585 

698 

246 

129 

98 

8ft 

102 

102 

80 

67 

71 

67 

68 

29 
24 
84 
62 
71 
71 
52 
38 
31 
86 
86 
64 
52 
38 
26 
24 
22 
24 
41 
41 
24 
18 
18 
255 
600 
1,505 
245 
116 
71 
58 
185 

84 
64 
54 
45 
51 
47 
86 
36 
36 
34 
24 
80 
41 
81 
26 
26 
81 
122 
198 
93 
63 
54 
41 
81 
81 
68 
80 
58 
52 
46 
43 

41 
31 
29 
36 
31 
29 
29 
26 
81 
31 
22 
14 
23 
86 
47 
58 
44 
33 
31 
31 
33 
31 
33 
38 
36 
83 
36 
36 
36 

30 

36 
36 
36 
31 
26 
58 
47 
36 
33 
34 
37 
31 
26 
39 
63 
67 
52 
40 
46 
46 
41 
36 
36 
31 
26 
26 
28 
26 
26 
31 
41 

41 
30 
31 
31 
36 
36 
41 
41 
38 
43 
32 
46 
67 
42 
31 
31 
29 
24 
20 
24 
31 
36 
31 

.   31 

41 

150 

222 

.   123 
58 
58 



58 

•> 

55 

3 

44 

4 

270 

r»  

665 

ii 

197 

<  ............. 

107 

H 

75 

{» 

67 

10 

58 

11 

68 

12  

62 

l;} 

43 

14 

1.-) 

43 
43 

l»i 

38 

17 

86 

18 

80 

19 

tSJ 

36 
41 

21 

41 

*>» 

36 

23 

44 

24 

55 

2.-) 

63 

3H 

63 

»l  .............. 

47 

2s 

47 

29 

47 

.30 

86 

31 

207 

Mean 

299 

741 

1 

821 

178 

117-. 

47 

127 

54 

33 

;« 

60 

1 

84 

[Continued  iii  Water-gupply  and  Irrigation  Paper  Mo.  48.] 
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To  avoid  fine,  this  book  should  be  returned  on 
or  before  the  date  last  stamped  below 
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